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ni=^cerVLASE INHIBITORS 

The present Invention relates to hydroxamate compounds which are Inhibitors of 
histone deacetylase. The Inventive compounds are useful as pharmaceuticals for the 
treatment of proliferative diseases. 

Background 

Reversible acetylatJon of htetones Is a major regulator of gene expression that acts by 
altering accessibility of transcription factors to DNA. In normal cells, histone deacetylase 
(HDA) and histone acetyltrasferase together control the level of acetyiation of htetones to 
maintain a balance. Inhibition of HDA results In the accumulation of hyperacetylated 
htetones, which results In a variety of cellular responses. 

Inhibitors of HDA have been studied for their therapeutic effects on cancer cells. For 
example, butyric acid and Its derivatives, Including sodium phenylbutyrate, have been 
reported to Induce apoptoste In vitro \n human colon carcinoma, leukemia and 
retinoblastoma cell lines. However, butyric acid and its derivatives are not useful 
pharmacological agents because they tend to be metabolized rapidly and have a very short 
half-life in vivo. Other inhibitors of HDA that have been widely studied for their anti-cancer 
activities are trichostatin A and trapoxin. Trichostatin A Is an antifungal and antibiotic and 
is a reversible inhibitor of mammalian HDA. Trapoxin Is a cyclic tetrapeptide, which is an 
Irreversible inhibitor of mammalian HDA. Although trichostatin and trapoxin have been 
studied for their anti-cancer activities, the in vivo Instability of the compounds makes them 
less suitable as anti-cancer drugs. There remains a need for an active compound that Is 
suitable for treating tumors, including cancerous tumors, that is highly efficacious and 
stable. 

Summary 

The present invention provides efficacious deacetylase Inhibitor compounds that are 
useful as pharmaceutical agents having the formula I 
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wherein 

Ri is H, halo, or a straight chain C^-Ce alkyi (especially methyl, ethyl or ft-propyi, which 
methyl, ethyl and n-propyi substftuents are unsubstituted or substituted by one or 
more substftuents described below for alkyl substttuents); 

Rz Is selected from H, C1-C10 alkyl, (e.g. methyl, ethyl or -ChfeCHrOH), C 4 - Ca 
cydoalkyl, C4-C9 heterocycloalkyl, C 4 - Cg heterocycloalkylalkyl, cydoalkylalkyl 
(e.g., cyclopropylmethyl), aryl, heteroaryl, arylalkyl (e.g. benzyl), heteroarylalkyl (e.g. 
pyrtdyJmethyl), HCH2)r»C(0)Re, WOCfO)^ amino acyl, HON-C(0)4)H==C{Ri)- 
aryl-alkyl- and -iCH^Jh; 

R3 and FU am the same or different and Independently H f Ci-C B alkyl, acyl or 
acytamino, or R3 and R4 together with the carbon to which they are bound represent 
C=0, C=S 3 or C=NR8, or R 2 together with the nitrogen to which It Is bound and R3 
together with the carbon to which it is bound can form aC 4 -C 9 heterocycloalkyl, a 
heteroaryl, a polyheteroaryl, a non-aromatic polyheterocycle, or a mixed aryl and 
non-aryl polyheterocycle ring; 

Rs is selected from H, Ct-Cs alkyl, C 4 -C* cycloaikyl, C 4 - C9 heterocycloalkyl, acyl, 
aryl, heteroaryl, arylalkyl (e.g. benzyl), heteroaiylalkyl (e.g. pyridyJmethyl), aromatic 
polycyetes, non-aromatic polyuycles, mixed aryl and non-aryl polycyctes, 
polyheteroaryl, non-aromatic polyheterocycles, and mixed aryl and non-aryl 
potyheterocycles; 

n, n l9 n 2 and ns are the same or different and Independently selected from 0-6, when 
ni is 1-6, each carbon atom can be optionally and independently substituted with Rg 
and/or R4; 

X and Y are the same or different and independently selected from H, halo, C1-C4 alkyl, 
such as CHs and CF 3 , NO2, C(0)R if OR* SR9, CN V and NR i0 Rn; 
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Re to selected from H, Cf-Gs alkyl, C 4 - C* cyctoalkyl, C 4 - C9 heterocyctoaJkyl, 
cycloaikyf alkyl (e.g., cycfopropvfmethyl), aiyl, heteroaryl, arylalkyl (e.g., benzyl, 2- 
phenytethenyl), heteroarylalkyl (e.g., pyridylmethyl), OR 12l and NR13R14; 

R? Is selected from OR 1B , SR15, S(0)Rie, SO2R17, NR 13 Ri 4 , and NRuSCfeFle; 

R$ b selected from H, OR t5 , NR13R14. Ci-Ce alkyl, C 4 - C» cyctoalkyl, C 4 - Co 
heterocycloalkyl, aryl, heteroaryl, arylalkyl (e.g., benzyl), and heteroarylalkyl (e.g., 
pyridytrnethyl); 

R» is selected from Ci - C 4 alkyl, for example, CH3 and CF 8 , C(0)-alkyl, for example 

C(0)CH8,andC(0)CF3: 
Rio and R t1 are the same or different and Independently selected from H, C r C 4 alkyl, 

and -C(0)-alkyl; 

R12 Is selected from H, Ct-Ge alkyl. C 4 - Ca cyctoalkyl, C 4 - C 9 heterocycloalkyl. C 4 - C 9 
heterocycloalkylalkyl, aryl, mixed aryl and non-aryl pofycyde, heteroaryl, arylalkyl 
(e.g., benzyO, and heteroarylalkyl (e.g., pyridylmethyl); 

R13 and R M are the same or different and independently selected from H, CrCe alkyl, 
C 4 - Cs cyctoalkyl, C 4 - C9 heterocycloalkyl, aryl, heteroaryl, arylalkyl (e.g., benzyl), 
heteroarylalkyl (e.g., pyridylmethyl), amino acyl, or Ri 3 and R 14 together with the 
nitrogen to which they are bound are C 4 - Ca heterocycloalkyl, heteroaryl, 
polyheteroaryl, non-aromatic polyheterocycle or mixed aryl and non-aryl 
polyheterocycle; 

R 15 is Selected from H, Ci-Ce alkyl, C 4 -C 9 cyctoalkyl, C 4 - C 9 heterocycloalkyl, aryl, 

heteroaryl, arylalkyl, heteroarylalkyl and (CHa)»ZRi2; 
Rie Is selected from Ci-Ce alkyl, C 4 -C 9 cyctoalkyl, C4-C9 heterocycloalkyl, aryl, 

heteroaryl, polyheteroaryl, arylalkyl, heteroarylalkyl and (CH^mZR^; 
R 17 Is selected from Ci-Ce alkyl, C 4 - Cg cycloalkyl, C 4 - C9 heterocycloalkyl, aryl, 

aromatic pofycycles, heteroaryl, arylalkyl, heteroarylalkyl, polyheteroaryl and 

NR«Ri4; 

m is an Integer selected from 0 to 6; and 
Z is selected from O, NR 18 , S and S(0), 
or a pharmaceutical^ acceptable salt thereof. 

The compounds of the present invention are suitable as active agents In 
pharmaceutical compositions mat are efficacious particularly for treating cellular proliferative 
ailments. The pharmaceutical composition has a pharmaceutical^ effective amount of the 
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present active agent along with other pharmaceuticalfy acceptable exiplents, carriers, fillers, 
diluents and the like. The term pharmaceutical^ effective amount as used herein indicates 
an amount necessary to administer to a host to achieve a therapeutic result, especially an 
anti-tumor effect, e.g., inhibition of proliferation of malignant cancer cells, benign tumor cells 
or other proliferative cells. 

Detailed Description 

The present invention provides hydroxamate compounds, e.g., hydroxamic acids, that 
are Inhibitors of deacetylases, preferably Inhibitors of histone deacetyfases. The 
hydroxamate compounds are highly suitable for treating tumors, Including cancerous 
tumors, The hydroxamate compounds of the present invention have the following 
structure I 




(I) 



wherein 

Ri is H, halo, or a straight chain Ci-Ce alkyl (especially methyl, ethyl or ft-propyl, which 
methyl, ethyl and n-propyl subsftuents are unsubstituted or substituted by one or 
more substftuents described below for alkyl substituents); 

R2 is selected from H, d-Cio alkyt v (preferably d-Ce alkyl, e.g. methyl, ethyl or 
-CHaCHrOH), C 4 - Cs cydoalkyl, C 4 - C9 heterocyctoalkyl, C 4 - Q> 
heterocycloalkylalkyt, cycloalkyfalkyl (e.g., cyclopropylmethyl), aryi, heteroaryl, 
aryblkyl (e.g. benzyl), heteroaiylalkyl (e.g. pyridylmethyl), ^CH^C^Re, 
-(CH^OCfOJFfe, amino acyl, HON-C(0>CH=C(Ri)-aryf-alkyl- and ^CH^Bz; 

Ra and R4 are the same or different and Independently H, Ci-Ge alkyl, acyl or 
acytamlno, or R$ and R4 together with the carbon to which they are bound represent 
O=0, C=S, or C=NRa, or Re together with the nitrogen to which it is bound and R3 
together with the carbon to which It Is bound can form a C 4 - Cg heterocycloalkyl, a 
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heteroaryl, a polyheteroaryi, a non-aromatic polyheterocyde, or a mixed aryl and 
norv-aryl polyheterocyde ring; 
Rs Is selected from H, Ct-Ce alfcyl, C 4 - Cs cydoalkyl, C4-C9 heterocydoalkyl, acyl, 
aryl t heteroaryf, arylalkyl (e.g. benzyl), heteroarylalkyl (e.g. pyiidylmethyl), aromatic 
polycydes, non-aromatic pofycydes, mixed aryl and non-aryl pofycycles, 
polyheteroaryi, non-aromatic polyheterocydes, and mixed aryl and non-aryl 
potyheterocyclea; 

n, n 1f n 2 and n 3 are the same or different and independently selected from 0-6, when 
is 1-6, each carbon atom can be optionally and independently substituted with R3 
and/or R 4 ; 

X and Y are the same or different and independently selected from H, halo, CrC 4 alkyl, 
such as CH a and CF 3 > NO& C(0)Ri, OR&, SR*, CN, and NR 10 Rn; 

Re is selected from H, CrGs alkyl, C 4 - C 0 cydoalkyl, C 4 - C 9 heterocydoalkyl, 
cydoalkylalkyl (e.g., cydopropylmethyl), aryl, heteroaryl, arylalkyl (e.g., benzyl, 2- 
phenylethenyl), heteroarylalkyl (e.g., pyridylmethyl), OR12, and NR i3 R 14 ; 

R 7 Is selected from OR15, SR15, S(0)Ri 6 , SO2R17, NR i3 R 14 , and NR12SO2R&; 

Rs is selected from H, ORib, NR13R14. C r Ce alkyl, C 4 - C9 cydoalkyl, C 4 - 
heterocycloalkyl, aryl, heteroaryl, arylalkyl (e.g., benzyl), and heteroarylalkyl (e.g., 
pyiidylmethyl); 

Rs is selected from Ci - C 4 alkyl, for example; CH3 and CF 3 , C(0)-alkyi, for example 

CtOJCH^andCKOJCFs; 
R10 and Rn are the same or different and Independently selected from H; CrC 4 alkyl, 

and -C(OHIkyl; 

Ria is selected from H, Ci-Cs alkyl, C 4 - C 9 cydoalkyl, C 4 - Cs heterocydoalkyl, C 4 - C9 
heterocydoalkytalkyl, aryl, mixed aryl and non-aryl potycyde, heteroaryl, arylalkyl 
(e.g., benzyl), and heteroarylalkyl (e.g., pyiidylmethyl); 

Ria and Ri 4 are the same or Afferent and Independently selected from H, CrCe alkyl, 
C 4 - Co cydoalkyl, C 4 - C& heterocydoalkyl, aryl, heteroaryl, arylalkyl (e.g., benzyl), 
heteroarylalkyl (e.g., pyridylmethyl), amino acyl, or Ri 3 and Ri 4 together with the 
nitrogen to which they are bound are C 4 - C 9 heterocydoalkyl, heteroaryl, 
poiyheteroaryl, non-aromatic polyheterocyde or mixed aryl and non-aryl 
polyheterocyde; 

Rib is selected from H, d-Ce alkyl. C 4 - C9 cydoalkyl, C 4 - C* heterocydoalkyl, aryl, 
heteroaryl, arylalkyl, heteroarylalkyl and (CHOmZRt* 
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Rib fa selected from Ci-C e alkyl, C 4 - C 9 cycloalkyl, C 4 - Q> heterocydoalkyl, aryl, 
heteroaryl, polyheteroaryl, arylalkyl, heteroarylalkyl and (CH 2 )mZRi 2 ; 

R17 te selected from Ci-Ce aJkyl, C 4 -G> cycloalkyl, C 4 -Ce heterocydoalkyl, aryl, 
aromatic pofycyctes, heteroaryl, arytalkyi, heteroarylalkyl, polyheteroaryl and 

mis an Integer selected from 0 to 6; and 
Z is selected from O, NR 13t S and S(O), 
or a pharmaceutical^ acceptable salt thereof. 

As appropriate, unsubstituted means that there is no substituent or that the only 
substituents are hydrogen. 

Halo substltuents are selected from fluoro, chloro, bromo and iodo, preferably 
fluoro or chloro. 

Alkyl substltuents include straight and branched d-Cealkyl, unless otherwise 
noted. Examples of suitable straight and branched CrCealkyl substituents include methyl 
ethyl, n-propyl, 2-propyl, n-butyl, sec-butyl, t-butyl, and the like. Unless otherwise noted, the 
alkyl substltuents Include both unsubstituted alkyl groups and alkyl groups that are 
substituted by one or more suitable substituents, including unsaturatlon (i.e. there are one 
or more double or triple C-C bonds), acyl, cycloalkyl, halo, oxyalkyl, edkylamlno, amihoalkyl, 
acylamino and ORi e , for example, alkoxy. Preferred substituents for alkytgroupsr include 
halo, hydroxy, alkoxy, oxyalkyl, alkylamlno, and amlnoalkyl. 

Cycloalkyl substituents Include C3-C9 cycloalkyl groups, such as cyclopropyl, 
cyclobutyl, cyciopentyi, cyclohexyl and the lite, unless otherwise specified. Unless 
otherwise noted, cycloalkyl substltuents include both unsubstituted cycloalkyl groups and 
cycloalkyl groups that are substituted by one or more suitable substltuents, including Ci-Cs 
alkyl, halo, hydroxy, amlnoalkyl, oxyalkyl, alkylamlno, and ORi 6 » such as alkoxy. Preferred 
substituents for cycloalkyl groups Include halo, hydroxy, alkoxy, oxyalkyl, alkylamlno and 
amlnoalkyl- 
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The above discussion of alkyl and cycioaikyl substftuents also applies to the alkyl 
portions of other substituents, such as without limitation, alkoxy, alkyl amines, alkyl ketones, 
arylalkyl, heteroarylalkyl, alkylsulfonyl and alkyl ester substituents and the like. 

Heterocycloalkyl substituents Include 3 to 9 membered aliphatic rings, such as 4 to 
7 membered aliphatic rings, containing from one to three heteroatoms selected from 
nitrogen, sulfur and oxygen. Examples of suitable heterocydoalkyi substituents Include 
pyrroildyl, tetmhydrofuryl, tetrahydrothlofurany), piperidyl, pfperazyl, tetrahydropyranyl, 
morphilfno, 1,3-diazapane, 1,4-dtezapane, 1 ,4-oxazepane, and 1,4-oxathfapane. Unless 
otherwise noted, the rings are unsubstituted or substuted on the carbon atoms by one or 
more suitable substituents, Including C r Ce alkyl, C4-C9 cycioaikyl, aryl, heteroaryl, arylalkyl 
(e.g., benzyl), and heteroarylalkyl (e.g., pyridylrnethyl), halo, amino, alkyl amino and OR1& 
for example alkoxy. Unless otherwise noted, nitrogen heteroatoms are unsubstituted or 
substituted by H, CrC 4 alkyl, arylalkyl (e.g., benzyl), and heteroarylalkyl (e.g., 
pyridylrnethyl), acyl, amlnoacyl, alkylsulfonyl, and arylsulfonyl. 

CycloalkyiaJkyl substituents include compounds of the formula -(CHsWcycloalkyI 
wherein n5 fs a number from 1-6. Suitable cyctoalkylalkyl substituents Include 
cydopentylmethyK cydopentylethyl, cyclohexylmethyl and the like. Such substituents are 
unsubstituted or substituted In the alkyl portion or in the cycioaikyl portion by a suitable 
substftuent, including those listed above for alkyl and cycioaikyl. 

Aryl substituents include unsubstituted phenyl and phenyl substituted by one or 
more suitable substituents, including Gi-Ca alkyl, cyctoalkylalkyl (e.g., eyclopropylmethyl), 
0(CO)a)ky] f oxyalkyf, halo, nitre, amino, aikyiamlno, amlnoalkyl, alkyl ketones, nitrite, 
carboxyalkyl, alkylsulfonyl, aminosulfonyl, arylsulfonyl, and ORi& such as alkoxy. Preferred 
substituents Include including Ci-Ca alkyl, cycioaikyl (e.g., eyclopropylmethyl), alkoxy, 
oxyalkyl, halo, nltio, amino, aikyiamlno, amlnoalkyl, alky! ketones, nitrite, carboxyalkyl, 
alkyteulfonyl, aryteulfonyi, and aminosulfonyl. Examples of suitable aryl groups Include Cr 
C 4 alky!phenyl, CrC4alkoxyphenyl, trffiuoromethylphenyl, methoxyphenyl, 
hydroxyethyfphenyl, cfimethylamlnophenyl, aminopropylphenyl, carbethoxyphenyl, 
methanesulfonyiphenyl and tolylsulfonylphenyl. 
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Aromatic polycycles Include naphthyl, and naphthyl substituted by one or more 
suitable substituents, Including Ci-Ce alkyl, cycloalkylalkyl (e.g., cyclopropylmethyl), 
oxyaikyl, halo, nitro, amino, alkylamino, aminoalkyl, alky! ketones, nitrite, carboxyalkyl, 
alkylsuifonyl, aryJsulfonyl, aminosuffonyl and ORi 5 , such as aikoxy. 

Heteroaryl substituents include compounds with a 5 to 7 member aromatic ring 
containing one or more heteroatoms, for example from 1 to 4 heteioatoms, selected from N t 
O and S. Typical heteroaryl substituents Include fury!, thlenyl, pyrrole, pyrazole, trlazole, 
thtazoie, oxazoie, pyridine, pyrimidine, isoxazotyl, pyrazine and the like. Unless otherwise 
noted, heteroaryl substituents are unsubstituted or substituted on a carbon atom by one or 
more suitable substituents, Including alkyl, the alkyl substituents Identified above, and 
another heteroaryl substftuent Nitrogen atoms are unsubstituted or substituted, for 
example by Ri& especially useful N substituents include H, Ci - C 4 alkyl, acyl, aminoacyi, 
and sulfonyl. 

Arylalkyl substituents include groups of the formula -(CHaWaryl, -(CH^r 
(CHarylHCHaWaryl or -KCH^iCHtaiylHaryl) wherein aryl and n5 are as defined above- 
Such arylalkyl substituents include benzyl, 2-phenylethyl, 1-phenylethyl, tolykS-propyl, 2- 
phenylpropyl, dlphenylmethyl, 2-dlphenylethyl, 5,5-dlmethyK3-phenylpentyl and the like. 
Arylalkyl substituents are unsubstituted or substituted In the alkyl moiety or the aryl moiety 
or both as described above for alkyl and aryl substituents. 

Heteroarylaikyl substituents include groups of the formula -^CHbWheteroaryl 
wherein heteroaryl and n5 are as defined above and the bridging group is linked to a 
carbon or a nitrogen of the heteroaryl portion, such as 2-, 3- or 4-pyridylmethyl, 
imidazotylmethyl, qulnoiylethyl, and pyrrolylbutyL Heteroaryl substituents are unsubstituted 
or substituted as discussed above for heteroaryl and alkyl substituents. 

Amino acyl substituents include groups of the formula -C(0)KCH2) n -C(H)(NRi3Rt4)- 
(CH^-Re wherein n, Ri 3> R™ and R 8 are described above. Suitable aminoacyi substituents 
include natural and non-natural amino acids such as glydnyl, D-tryptophanyl, Uyslnyl, D- or 
L-homoserlnyl, 4-amlnobutryIc acyl, dr3-amlrv4-hexenoyl. 
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Non-aromatic polycyde substituents include blcydlc and tricyclic fused ring 
systems where each ring can be 4-9 membered and each ring can contain zero, 1 or more 
double and/or triple bonds. Suitable examples of non-aromatic polycycles Include decalin, 
octahydrolndene, perhydrobenzocycloheptene, perhydrobenzo-rq-azulene. Such 
substituents are unsubstftuted or substituted as described above for cyctoalkyl groups. 

Mixed aiyl and non-aryl polycycle substituents include blcyclic and tricyclic fused 
ring systems where each ring can be 4 - 9 membered and at least one ring is aromatic. 
Suitable examples of mixed aryf and non-aryl polycycles include methylenedioxyphenyf, bis- 
methyl e nedfoxyp henyl, 1 ,2,3,4-tetrahydronaphthaiene, dibenzosuberane, 
dlhdydroanthracene, 9H-fluorene. Such substituents are unsubstftuted or substituted by 
nitro or as described above for cycloalkyl groups. 

Polyheteroaryl substituents include blcycilc and tricyclic fused ring systems where 
each ring can Independently be 5 or 6 membered and contain one or more heteroatom, for 
example, 1 , 2, 3. or 4 heteroatoms, chosen from O, N or S such that the fused ring system 
is aromatic. Suitable examples of polyheteroaryl ring systems include quinoltne, 
isoqulnollne, pyridopyrazine, pyrrolopyridine, furopyridlne, indole, benzofuren, 
benzothlofuran, benzindole, benzoxazole, pyrroloquinollne, and the like. Unless otherwise 
noted, polyheteroaryl substituents are unsubstftuted or substituted on a carbon atom by one 
or more suitable substituents, including alkyl, the afkyl substituents identified above and a 
substftuent of the formula -0-(CHaCH«CH(CH3)(CH2))imH. Nitrogen atoms are 
unsubstftuted or substituted, for example by Ri 3 ; especially useful N substituents include H, 
Ci - C 4 alkyl, acy), aminoacyi, and sulfonyl. 

Non-aromatic polyheterocycllc substituents include blcyclic and tricyclic fused ring 
systems where each ring can be 4 - 9 membered, contain one or more heteroatom, for 
example, 1, 2, 3, or 4 heteroatoms, chosen from O, N or S and contain zero or one or more 
OC double or triple bonds. Suitable examples of non-aromatic polyheterocycles include 
hexitol, cls-perhydro-cyclohepta[blpyridinyl, decahydro-benzo[fl[1,4]oxazepiny1, 2,8- 
dloxablcyclo[3.3.0]octane, hexahydro-mleno{3,2*lmlophene, perhydropym)lo[3,2-b]pyrrole, 
perhydronaphthyrldlne, perhydro-1 H-dicyctopenta[b,e]pyran. Unless otherwise noted, non- 
aromatic polyheterocycllc substituents are unsubstftuted or substituted on a carbon atom by 
one or more substituents, including alkyl and the alkyl substituents identified above. 
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Nfoogen atoms are unsubstituted or substituted, for example, by Ri 3 ; especially useful N 
substituents include H, - C 4 alkyl, acyl, aminoacyt, and suifonyl. 

Mixed aiyi and non-aryl polyheterocyctes substituents Include tricyclic and tricyclic 
fused ring systems where each ring can be 4 - 9 membered, contain one or more 
heteroatom chosen from O, N or S, and at least one of the rings must be aromatic. Suitable 
examples of mixed aryi and non-aryl polyheterocyctes include 2,3-dlhydrolndole, 1 ,2,3,4- 
tetrahydroquinofine, 5,11-a^liydro-10H-diben^b,e][1,4]diazepine, 5H- 
dIbenzo{b,e][l 1 4]diazeplne f 1,2-dihydropyrrolo{3,4^][1,qberuodiaz6pine, 1,5-dihydre- 
Dyrido[2,3-b]n,4)diazepin-4-one, 1,2,3^,6,1 1-hexahydro-benzo[b]pyrtdo(2,3« 
e][1 ,4}diazepin-5-one. Unless otherwise noted, mixed aiyi and non-aryl polyheterocycllc 
substituents are unsubstituted or substituted on a carbon atom by one or more suitable 
substituents, Including, -N-OH, =N-OH, alkyl and the alkyl substituents Identified above. 
Nitrogen atoms are unsubstituted or substituted, for example, by Ri 3 ; especially useful N 
substituents include H, Ci - C 4 alkyl, acyl, amlnoacyi, and suifonyl. 

Amino substituents Include primary, secondary and tertiary amines and in salt form, 
quaternary amines. Examples of amino substituents Include mono- and dl-alkylamlno, 
mono- and di-aryl amino, mono- and dl-arylalkyl amino, aiyl-arylalkyf amino, alkyharylamlno, 
alkyharylalkylamJno and the like. 

Suifonyl substituents include alkylsulfonyl and arylsulfonyl, for example methane 
suifonyl, benzene suifonyl, tosyi and the like. 

Acyl substituents include groups of the formula -C(0)-W, -OCKO)-W, -C(0)-OW and 
-CtO)NR 13 Ri4, where W Is Fhe, H or cycloalkylalkyl. 

Acyiamino substituents Include groups of the formula -N(Riz)C(0)-W, -N(R 12 )C(0)- 
O-W, and -N(R 12 )C(0)-NHOH and Ria and W are as defined above. 



The Ra substituent HON-C(OH)H=C(Rt)-ary^alkyl- Is a group of the formula 
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HO, 




wherein n 4 Is 0-3 and X and Y are as defined above. 

Preferences for each of the substituents include the following: 
ft is H, halo, or a straight chain d-C 4 alkyl; 

Re is selected from H, CrC 8 dkyl, C 4 - Co cycloalkyi, C 4 - Co heterocydoalkyl, 
cyeloalkylalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyi, -(CHaJ^OJRo, amino acyl, 
and -(CHaJnR,; 

Ro and FU are the same or different and independently selected from H, and Ci-Ce 
alkyl, or Ro and R 4 together with the carbon to which they are bound represent C=0, 
C=S, or C=NR 8 ; 

Re Is selected from H, Ci-C« alkyl, C 4 -C 9 cycloalkyi, C 4 - Co heterocydoalkyl, aryl, 
heteroaryl, arylalkyl, heteroarylalkyi, an aromatJo polycycle, a non-aromatic 
polycycte, a mixed aryl and non-aryl polycycle, polyheteroaryl, a non-aromatic 
polyheterocycle, and a mixed aryl and non-aryl polyheterocycle; 

n, m, n 2 and n 3 are the same or different and independently selected from 0-6, when 
ni is 1-6, each carbon atom Is unsubstituted or Independently substituted with Rg 
and/or R 4 ; 

X and Y are the same or different and independently selected from H, halo, C,-C 4 alkyl, 

CF3, NOfe, C(0)Ri, ORo, SRo, CN, and NR ro Rn; 
Re is selected from H, d-Ce alkyl, C 4 - Co cycloalkyi, C 4 - Co heterocydoalkyl, 

cycloalkylalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyi, ORta, and NR 13 Ri 4 ; 
Rz Is selected from ORi 8 » SRio, S(0)Rie, SC*R| 7 , NRiaRi 4 , and NRiaSCyv, 
Ro is selected from H, OR 16> NRtsRt* C,-Ce alkyl, C 4 - Co cycloalkyi, C 4 - Co 

heterocydoalkyl, aryl, heteroaryl. arylalkyl, and heteroarylalkyi; 
Ro is selected from C1 - C 4 alkyl and C(0)-alkyl; 

Rio and R« are the same or different and Independently selected from H, Ci-C 4 alkyl, 
and -C(0)-alkyl; 
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R 12 is selected from H, d-Ce alky), C 4 - Q, cyctoaBcyl. C 4 - Cg heterocycloalkyl, aryl, 

heteroaiyl, arylalkyl, and heteroarytelkyl; 
Rts and R M are the same or different and independently selected from H, C1-C5 alkyl, 

C4- C 8 cyctoalkyl, C 4 - C* heterocycloalkyl, aryl, heteroaryi, arylalkyl, heteroarylalkyi 

and amino acyl; 

Ri 6 fe selected from H, Ci-Ce alkyl, C 4 - Q, cyctoalkyl. C 4 - C heterocycloalkyl, aryl, 

heteroaryi, arylalkyl, heteroarylalkyi and (CHOmZRt* 
R, 8 Is selected from C,-C e alkyl, C 4 - Co cyctoalkyl, C 4 - C9 heterocycloalkyl, aryl, 

heteroaryi, arylalkyl, heteroarylalkyi and (CH2) m ZR 12 ; 
R17 Is selected from C,-Ce alkyl, C 4 - Cb cyctoalkyl, C 4 -C 9 heterocycloalkyl, aryl, 

heteroaryi, arylalkyl, heteroarylalkyi and NR 13 R 14 ; 
m Is an Integer selected from 0 to 6; and 
Z is selected from O, NR», S, S{0). 

Useful compounds of the formula 1 include those wherein each of Ri, X, Y, R3, and R» 
Is H, including those wherein one of ife and rts to zero and the other is 1 , especially those 
wherein R* is H or-CHrCHrOH. 

One suitable genus of hydroxamate compounds are those of formula la 




(la) 



wherein 
nils 0-3, 

Ra Is selected from H, CrC e alkyl, C 4 - C9 cyctoalkyl, C 4 - Ce heterocycloalkyl, 
cyctoalkyl alkyl, aryl, heteroaryi, arylalkyl, heteroarylalkyi, -(CH^AO)R«, amino acyl 
and -(CHaJnRr; 

Rs' to heteroaiyl, heteroarylalkyi (e.g., pyridylmethyl), aromatic polycyctes, non-aromatic 
polycycles, mixed aryl and non-aryl polycyctes, polyheteroaryl, or mixed aryl and 
non-aryl pdyheterocycles, 
or a pharmaceutfcally acceptable salt thereof. 
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Another suitable genus of hydroxamate compounds are those of formula la 




wherein 
rulsO-3, 

Ffe is selected from H, (VCe atkyl* C 4 - Cg cydoalkyl, C 4 - Cg heterocycfoalkyl, . 
cycioalkytalkyl, aryl, heteroaryl, aryialkyi, heteroarytelkyl, -(CH 2 ) n C(0)R6 l amino acyl 
and -(CH^nR?; 

FV (s aryl, aryialkyi, aromatic polycydes, non-aromatic polycydes, and mixed aryl and 
non-aryl polycydes; especially aryl, such as p-fluorophenyl, p-chlorophenyl, p-O-Cr 
C4-aIkylphenyl f such as p-methoxyphenyl, and p-Ct-Gralkylphenyl; and aryialkyi, 
such as benzyl, ortho, meta or para-fluorobenzyf, ortho, meta or para-chlorobenzyl, 
ortho, meta or para-mono, dl or tri-O-Ci-Cralkylbenzyl, such as ortho, meta orparar 
methoxybenzyl, m,p<UethoxybenzyI J o,m,p^trilrnethoxybenzyl , and ortho, meta or 
para- mono, dl or tri d-C-ralkyfphenyl, such as p-methyl, m, nnllethylphenyl, 
or a pharmaceutical ly acceptable salt thereof. 



Another interesting genus are the compounds of formula lb 




wherein 
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R2 Is selected from H, G r C a alkyl, C 4 -Ce cycloalkyl, cycloalkylalkyl (e.g., 
cydopropylmethyl), -(CH^mORzi where R21 is H, methyl, ethyl, propyl, and /-propyl, 
and 

Rs" Is unsubstltuted 1 Afftidol-3~yl, benzoturan-3-yl or quinolin-3-yl, or substituted 1 H-Indol- 
3-ylp such as 5-fluoro-1 H4ndol-3-yl or 5-methoxy-1 Wndol-3-yl, benzofuran-3-yl or qutnolln- 
3-yl, 

or a pharmaceutical acceptable salt thereof. 

Another interesting genus of hydroxamate compounds are the compounds of 
formula lo 




. wherein 

the ring containing Z% is aromatic or non-aromatic, which non-aromatic rings are 
saturated or unsaturated, 
Z 1 IsO, Sor N-Ffco, 

Rib is H, halo, Ci-Cealkyl (methyl, ethyl, t-butyi), (VCTcyctoaikyl, aryl, for example 
unsubstltuted phenyl or phenyl substituted by 4-OCHj or 4-CF 3 , or heteroaryl, such 
as 2-f uranyl, 2-thiophenyl or 2-, 3- or 4-pyrfdyl; 

Rao Is H, d-Cealkyl, Ci^^kyKVCacycloalkyl (e.g., cydopropylmethyl), aiyl, 
heteroaryl, arylalkyl (e.g., benzyl), heteroarylalkyl (e.g. f pyridylmethyl), acyl (acetyl, 
propionyl, benzoyl) or sulfonyl (methanesulfonyl, ethanesulfonyl, benzenesulfonyi, 
toluenesulfonyl); 

Ai Is 1 , 2 or 3 substituents which are independently H, Ci-Cealkyl, -OR™, haio, 
aikylamfno, amtnoaflcyl, halo, or heteroarylalkyl (e.g., pyridylmethyl), 
R i9 ts selected from H, Ci-Cealkyl, C^r-Cacycloalkyl, C 4 -^heteir>cycloalkyl, aryl, 
heteroaryl, arylalkyl (e.g., benzyl), heteroarylalkyl (e.g., pyridylmethyl) and 
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-(CHaCH-CHfCHsKCHjOJi-aH; 

r 2 is selected from H, C r Ce atkyl, C4-C9 cyctoalkyl, C4-C9 heterocyctoaikyl, 
cycloalkyialkyl, aryl, heteroaryl, aryialkyl, heteroarylalkyl, -(CHaKAOJR* amino acyl 

and^CHsOnR?; 
vteO, 1or2, 

p is 0-3, and 

q ia 1-5 and r Is 0 or 

q is 0 and r is 1-5, 

or a pharmaceutical acceptable salt thereof. The other variable substituents are as 
defined above. 

Especially useful compounds of formula Ic are those wherein Ffe Is H, or -(CH^pCHapH, 
wherein pis 1-3, especially those wherein Ri is H; such as those wherein Ri is H and X and 
Y are each H, and wherein q is 1 -3 and r is 0 or wherein q is 0 and r is 1 -3, especially those 
wherein Z % Is N-FW Among these compounds R* Is preferably H or -CHrCHrOH and the 
sum of q and r is preferably 1 . 

Another interesting genus of hydroxamate compounds are the compounds of 
formula Id 



wherein 

Zi is O, S or N-R20, 

R 18 Is H, halo, d-Caalkyl (methyl, ethyl, t-butyt), CrCyCycloaJkyl, aryl, for example, 
unsubstituted phenyl or phenyl substituted by 4-OCH 3 or 4-CF 3 , or heteroaryi, 



HO^ 




(Id) 
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RaoisH, C-Cealkyl. Ci-C8alkyl-Cj-C9Pyctoalkyl (e.g., cyclopropylmethyl), aryl, heteroaiyl, 

arytafkyl (e.g., benzyl), heteroarylalkyl (e.g., pyridylmethyl), acyl (acetyl, proplonyl, benzoyO 

orsulfonyl (methanesulfonyl, ethanesutfony), benzenesulfonyl, toluenesulfonyl); 

Ai is 1 , 2 or 3 substltuents which are independently H, CrC-ealkyl, -OR19, or halo, 

R w is selected from H, d-Ceaikyl, C^-Cgcycloalkyl, C^heterocyctoalkyl, aryl, heteroaiyl, 

arylalkyl (e.g., benzyO, and heteroarylalkyl (e.g.. pyridylmethyl); 

p Is 0-3, and 

q Is 1-5 and risOor 

qteOandrls 1-5, 

or a pharmaceutically acceptable salt thereof. The other variable substltuents are as 
defined above. 

Especially useful compounds of formula Id are those wherein Ra Is H, or -{CH^pCHzOH, 
wherein p Is 1-3, especially those wherein Ri is H; such as those wherein is Hand X and 
Y are each H, and wherein q is 1-3 and r Is 0 or wherein q is 0 and r is 1-3. Among these 
compounds Ra is preferably H or -CHrCHz-OH and the sum of q and r Is preferably 1 . 

The present Invention further relates to compounds of the formula le 



or a pharmaceutically acceptable salt thereof; The variable substltuents are as defined 



HO^ 




above. 



Especially useful compounds of formula le are those wherein Rie Is H, fluoro, chloro, bromo, 
a d-C4aIkyl group, a substituted Ci-C^lkyl group, a CVCrcycloalkyl group, unsubstituted 
phenyl, phenyl substituted In the para position, or a heteroaiyl (e.g., pyridyl) ring. 
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Another group of useful compounds of formula le are those wherein Ffe Is H, or - 
(CH^pCHzOH, wherein p Is 1-3, especially those wherein R t Is H; such as those wherein R t 
Is H and X and Y are each H, and wherein q is 1 -3 and r Is 0 or wherein q Is 0 and r Is 1 -3. 
Among these compounds Ffe Is preferably H or -CHa-CHz-OH and the sum of q and r is 
preferably 1. 

Another group of useful compounds of formula le are those wherein R w is H, methyl, 
ethyl, t-butyl, trlfluoromethyl, cyclohexyl, phenyl, 4-methoxyphenyt, 4-trifluoromethy^henyl, 
2-furanyl, 2-thtophenyl, or 2-, 3- or 4-pyridyl wherein the 2-furanyl, 2-thiophenyl and 2-, 3- or 
4-pyridyl substttuents are unsubstltuted or substituted as described above for heteroaryl 
rings; R2 Is H, or -(CH^pCHssOH, wherein p is 1-3; especially those wherein R1 is H and X 
and Y are each H, and wherein q is 1-3 and r is 0 or wherein q is 0 and r is 1-3. Among 
these compounds R 2 is preferably H or -CH2-CH2-OH and the sum of q and r Is preferably 
1. 

Those compounds of formula le wherein R20 is H or Ci-CeaJkyI, especially H, are 
important members of each of the subgenuses of compounds of formula Is described 
above. 

N-hydroxy^-[4-[[(2-hydroxye^ 
propenamlde, r^hydroxy-3-{4-ffl2-<1H-indol-3^ 
propenamlde and N-hydroxy-3-I4-m2-(2-methy1-1 Wndol-3^)-ethyt]-8OTlri6 
2E-2-propenamide, or a pharmaceuifcaJly acceptable salt thereof, are Important compounds 
of formula le. 

The present invention further relates to the compounds of the formula If 



H0 >*, 
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or a pharmaceutical^ acceptable salt thereof. The variable substituents are as defined 
above. 

Useful compounds of formula If are those wherein R 2 is H, or -(CHs^CH^OH, wherein p is 1- 
3, especially those wherein Ri is H; such as those wherein Ri is H and X and Y are each H, 
and wherein q is 1 -3 and r is 0 or wherein q is 0 and r is 1 -3. Among these compounds Ffe 
is preferably H or -CHrCHrOH and the sum of q and r is preferably 1 . 

N-hydroxy^44n2-(benzofur-3-^^ 
a pharmaceutical acceptable salt thereof, is an Important compound of formula if. 

The compounds described above are often used In the form of a pharmaceutical^ 
acceptable salt. Pharmaceutical acceptable salts include, when appropriate, 
pharmaceutical^ acceptable base addition raits and add addition salts, for example, metal 
salts, such as alkali and alkaline earth metal salts, ammonium salts, organic amine addition 
raits, and amino add addition sate, and sulfonate salts. Acid addition raits Include 
Inorganic acid addition salts such as hydrochloride, sulfate and phosphate, and organic add 
addition salts such as alkyl sulfonate, arylsutfonate, acetate, maleate, fumarate, tartrate, 
citrate and lactate. Examples of metal raits are alkali metal salts, such as lithium salt, 
sodium salt and potassium salt, alkaline earth metal salts such as magnesium salt and 
calcium rait, aluminum salt, and zinc salt. Examples of ammonium salts are ammonium satt 
and tetramethylammonlum salt Examples of organic amine addition salts are salts with 
morpholine and plperidine. Examples of amino add addition salts are salts with glycine, 
phenylalanine, glutamic add and lysine* Sulfonate salts indude mesylate, tosylate and 
benzene sulfonic add salts. 

As Is evident to those skilled in the art, the many of the deacetylase Inhibitor 
compounds of the present Invention contain asymmetric carbon atoms. It should be 
understood, therefore, that the individual stereoisomers are contemplated as being induded 
within the scope of this Invention. 

The hydroxamate compounds of the present Invention can be produced by known 
organic synthesis methods. For example, the hydroxamate compounds can be produced 
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by reacting methyl 4-formyf clnnamate with tryptamine and then converting the reactant to 
the hydroxamate compounds. As an example, methyl 4-formyl clnnamate 2, is prepared by 
acid catalyzed esteriflcation of 4-formylclnnamic acid 3 (Bun. Chem. Soc. Jpn. 1995; 
68:2355-2382). An alternate preparation of methyl 4-formyl clnnamate 2 is by a Pd- 
catalyzed coupling of methyl acryiate 4 with 4-bromobenzaldenyde 5. 



CQgH HCVMeOH /wCO,Mb Pd(OAo) 2 u'V 0 " 0 



^ 2 (o-tolfeP 4 BT-^B 



BU3N 



Additional starting materials can be prepared from 4-carboxybenzaldehyde 6. and an 
exemplary method is illustrated for the preparation of aldehyde 9, shown below. The 
carboxyllc acid in 4-caiboxybenzaldehyde 6 can be protected asasflyt ester (e.g., the t- 
butyldimethytsUyl ester) by treatment with a sOyl chloride (e.g., HnrtyldlmethylsBvl chloride) 
and a base (e.g. triethylamfrie) in an appropriate solvent (e.g., dichloromethane). The 
resulting silyl ester 7 can undergo an oleflnatlon reaction (e.g., a Homer-Emmons 
olefination) with a phosphorate ester (e.g., triethyl 2-phosphonoproptonate) In the presence 
of a base (e.g., sodium hydride) in an appropriate solvent (e.g., tetrahydrofuran (THF)). 
Treatment of the resulting dlester with acid (e.g., aqueous hydrochloric acid) results in the 
hydrolysis of the silyl ester providing add 8. Selective reduction of the carboxyllc acid of 8 
using, for example, borane-dlmethylsuflide complex in a solvent (e.g., THF) provides an 
intermediate alcohol. This Intermediate alcohol could be oxidized to aldehyde 9 by a 
number of known methods, including, but not limited to, Swem oxidation, Dess-Martin 
pertocRnane oxidation, Moffatt oxidation and the like. 



^Ss^OObH 



OHCT^ 7 2. HCi (aq) 



HOyl^a 2. Sworn H ^^ > 0 
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The aldehyde starting materials 2 or 9 can be reductlvely amlnated to provide secondary or 
tertiaiy amines. This Is BJustrated by the reaction of methyl 4-formy) dnnamate 2 with 
tryptamine 10 using sodium triacetoxyborohydrfde (NaBH(OAc)g) as the reducing agent in 
dichloroethane (DCE) as solvent to provide amine 11 . Other reducing agents can be used, 
e.g., sodium borohydrfde (NaBhU) and sodium cyanoborohydrlde (NaBHgCN), in other 
solvents or solvent mixtures In the presence or absence of acid catalysts (e.g., acetic acid 
and trifluoroacetlc acid). Amine 11 can be converted directly to hydroxamic acid 12 by 
treatment with 60% aqueous hydroxylamlne In a suitable solvent (e.g., THF In the presence 
of a base, e.g., NaOH). Other methods of hydroxamate formation are known and Include 
reaction of an ester with hydroxylamlne hydrochloride and a base (e.g., sodium hydroxide or 
sodium methoxide) in a suitable solvent or solvent mixture (e.g., methanol, ethanol or 
methanovTHF). 




60% HONHa 
THF 



Aldehyde 2 can be reductlvely amlnated with a variety of amines, exemplified by, but not 
limited to, those illustrated In Table 1. The resulting esters can be converted to target 
hydroxamates by the methods listed. 




Amine 


Reducing 


Hydroxamate 


R 




Conditions 


Conditions 
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NaBH(OAcfe 
HOAc, DCE 


2MHONH 2 fn 
MeOH 






a 


«f 


M»CLcH 2 




a 


a 




CX NH2 


ft 


a 






a 


* 






a 


a 






a 


tt 






a 


m 






i * 


a 




PhtCKs^Ha 


NaBHjCN/MeOH/ 
HOAc 







An alternate synthesis of the compounds of this invention starts by reductive 
amination of 4-fonmyl cfnnamlc add 3, illustrated below with 3i)henylpropylamlne 13, using, 
for example, NaBHaCN as the reducing agent in MeOH and HOAc as a catalyst The baste 
nitrogen of the resulting amino add 14 can be protected, for example, as f-butoxycarbamate 
(BOC) by reaction with dl-f*utyldlcaibonate to give 16. 
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14 •» 



O O 



16 17 



The carboxylic acid can be coupled with a protected hydroxylarrdne (e.g., O-trityi 
hydroxytamlne) using a dehydrating agent (e.g., H3-dImethyiamfriopropyi)-3- 
ethyicarbodlimlde hydrochloride (EDCI)) and a catalyst (e.g., 1-hydroxybenzotriazole 
hydrate (HOBT)) in a suitable solvent (e.g., DMP) to produce 16. Treatment of 18 with a 
strong acid (e.g., trifluoroacetic acid (TFA)) provides a hydroxamic acid 17 of the present 
invention. Additional examples of compounds that can be prepared by this method are: 



p o 



Tertiary amine compounds ran be prepared by a number of methods. Reductive amlnaflon 
of 30 with nteotfnaldehyde 32 using NaBHsCN as the reducing agent (n dichloroethane and 
HO Ac as a catalyst provides ester 34. Other reducing agents can be used (e.g., NaBH* 
and NaBH(OAc) 3 ) in other solvents or solvent mixtures in the presence or absence of add 
catalysts (e.g., acetic acid, trifluoroacetic acid and the like). Reaction of ester 34 with 
HONH^HCI, NaOH In MeOH provides hydroxamate 36. 



NaOH, MeOH Ph^^"^^^' 5 ' 
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Tertiary amine compounds prepared by this methodology are exemplified, but not 
limited to, those listed in Table 2. 

Table 2 




.OH 



or 




.OH 





Reducing Conditions 


Hydroxamate 
Conditions 


iTY CH2 


NaBH(OAc)a HOAc, 
DCE 


HONH 2 , HCI/NaOMe/ 
MeOH 


cr 


NaBH(OAc) 3 HOAc, 
DCE 


HONH 2 »HCI/NaOMe/ 
MeOH 




NaBH(OAc)g HOAc, 
• DCE 


2 M HONHa in MeOH 




NaBHaCfWMeOH/ 
HOAc 


2 M HONH 2 In MeOH 




NaBH(OAc)s HOAc, 
DCE 


2 M HONH 2 h MeOH 



An alternate method for preparing tertiary amines Is by reacting a secondary amine 
with an alkylating agent In a suitable solvent In the presence of a base. For example, 
heating a dimethyteulfoxide (DMSO) solution of amine 11 and bromide 40 In the presence 
of (APrfeNEt yielded tertiary amine 42, Reaction of the tertiary amine 42 with HONH^HCf, 
NaOH In MeOH provides hydroxamate 43. The silyl group can be removed by any method 



WO 02/22577 




PCT/EP01/10037 



known to those skilled in the art. For example, the hydroxamate 43 can be treated with an 
add, e.g., trifluoroacetic acid, or fluoride to produce hydroxyethyl compound 44. 



O-TBDMS 

(HD/IB ^ ^^CO^e HONHjHO 



11+ BiCHjCHjO-TBDMS - fX^N JU 

40 DMSO MHf 42 

H 



NaOH, MsOH 

OTBDM5 O WA OH O 

H • H 

The hydroxamate compound, or salt thereof, is suitable for preparing pharmaceutical 
compositions, especially pharmaceutical compositions having deacetylase, especially 
htetone deacetylase, inhibiting properties. Studies with athymic mice demonstrate that the 
hydroxamate compound causes HDA inhibition and increased histone acetylaHon in vivo, 
which triggers changes in gene expression that correlate with tumor growth inhibition. 

Hie present invention further includes pharmaceutical compositions comprising a 
pharmaceutical^ effective amount of one or more of the above-described compounds as 
active Ingredient. Pharmaceutical compositions according to the invention are suitable for 
enteral, such as oral or rectal, and parenteral administration to mammals, Including man, for 
the treatment of tumors, alone or in combination with one or more pharmaceutical^ 
acceptable canters. 



The hydroxamate compound is useful in the manufacture of pharmaceutical 
compositions having an effective amount the compound in conjunction or admixture with 
excfplents or carriers suitable for either enteral or parenteral application. Preferred are 
tablets and gelatin capsules comprising the active ingredient together with (a) diluents; (b) 
lubricants, (c) binders (tablets); if desired, (d) dlsintegrants; and/or (e) absorbents, 
colorants, flavors and sweeteners. Injectable compositions are preferably aqueous isotonic 
solutions or suspensions, and suppositories are advantageously prepared from fatty 
emulsions or suspensions. The compositions may be sterilized and/or contain adjuvants, 
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such as preserving, stabilizing, wetting or emulsifying agents, solution promoters, sate for 
regulating the osmotic pressure and/or buffers. In addition, the compositions may also 
contain other therapeutically valuable substances. The compositions are prepared 
according to conventional mixing, granulating or coating methods, respectively, and contain 
preferably about 1 to 50% of the active Ingredient 

Suitable formulations also include formulations for parenteral administration include 
aqueous and non-aqueous sterile injection solutions which may contain antioxidants, 
buffers, bactertostats and solutes which render the formulation isotonic with the blood of the 
intended recipient; and aqueous and nonaqueous sterile suspensions which may include 
suspending agents and thickening agents. The formulations may be presented in unit-dose 
or mufti-dose containers, for example, sealed ampules and vials, and may be stored in a 
freeze-drled (lyophilized) condition requiring only the addition of the sterile liquid carrier, for 
example, water for injections, immediately prior to use. Extemporaneous Injection solutions 
and suspensions may be prepared from sterile powders, granules and tablets of the kind 
previously described. 

As discussed above, the compounds of the present Invention am useful for treating 
proliferative diseases. A proliferative disease la mainly a tumor disease (or cancer) (and/or 
any metastases). The inventive compounds are particularly useful for treating a tumor 
which is a breasts cancer, lung cancer, gastrointestinal cancer, 

epi&rmbW ^ cancer, pancreas cancer, neuroblastoma, head 

and/or neck cancer or bladder cancer, or in a broader sense renal, brain or gastric cancan 
in particular (I) a breast tumor; an epidermoid tumor, such as an epidermoid head and/or 
neck tumor or a mouth tumor; a lung tumor, for example a small cell or non-small cell lung 
tumor; a gastrointestinal tumor, for example, a colorectal tumon or a genitourinary tumor, for 
example, a prostate tumor (especially a hormone-refractory prostate tumor); or (fi) a 
proliferative disease that is refractory to the treatment with other chemotherapeutics; or (ill) 
a tumor that is refractory to treatment with other chemotherapeutics due to multidrug 
resistance. 

In a broader sense of the invention, a proliferative disease may furthermore be a 
hyperproiiferative condition such as leukemias, hyperplasias, fibrosis (especially pulmonary, 
but also other types of fibrosis, such as renal fibrosis), angiogenesls, psoriasis, 
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atherosclerosis and smooth muscle proliferation in the blood vessels, such as stenosis or 
restenosis following angioplasty. 

Where a tumor, a tumor disease, a carcinoma or a cancer are mentioned, also 
metastasis in the original organ or tissue and/or in any other location are Implied 
alternatively or in addition, whatever the location of the tumor and/or metastasis. 

The compound is selectively toxic or more toxic to rapidly proliferating cells than to 
normal cells, particularly In human cancer cells, e.g., cancerous tumors, the compound has 
significant antiproliferative effects and promotes differentiation, e.g., cell cycle arrest and 
apoptoste. In addition, the hydroxamate compound induces p21, cyclin-CDK interacting 
protein, which Induces either apoptosis or G1 arrest in a variety of cell lines. 

The following examples are intended to illustrate the Invention and are not to be 
construed as being limitations thereto. 

Example P1 

Preparation of /v4^roxy^[4Hp-(1 Wnaol-3-ylV^^ 
propenamlde. 

4-formyteinnamic acid methylester Is produced by adding 4-formylcinnamte acid (25 g, 
0.143 mol) In MeOH and HQ (6.7 g, 0.18 mol). The resulting suspension is heated to reflux 
for 3 hours, cooled and evaporated to dryness. The resulting yellow solid Is dissolved in 
EtOAc, the solution washed with saturated NaHCO* dried (MgSO,) and evaporated to give 
a pals yellow solid which Is used without further purification (25.0 g, 92%). To a solution of 
tryptamine (1 8.3 g, 1 00 mmol) and 4-f ormylclnnamic acid methylester (1 9 g, 1 00 mmol) in 
dichloroethane, NaBH(OAc)a (21 g, 100 mmol) is added. After 4 hours the mixture is diluted 
with 1 0% KaCOg solution, the organic phase separated and the aqueous solution extracted 
with CHfeCk. The combined organic extracts are dried (NaaSOi), evaporated and the 
residue purified by flash chromatography to produce 3-(4-fl2-(1 Windol-3-yl)-ethylamlno]- 
methyl}-phenyOK2£)-2-propeno!c acid methyl ester (29 g). A solution of KOH (12.9 g 87%, 
0.2 mol) in MeOH (100 mL) is added to a solution of HONHa«HCI (13.9 g, 0.2 mol) In MeOH 
(200 mL) and a precipitate results. After 16 minutes the mixture is filtered, the filter cake 
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waahed with MeOH and the filtrate evaporated under vacuum to approximately 75 mL. The 
mixture is filtered and the volume adjusted to 100 mL with MeOH. The resulting solution 2M 
HONHa Is stored under Na at -20° C for up to 2 weeks. Then 3-(4-{[2-(1 H4ndti^3-y^ 
ethyfamino]-methylH>henylH2£)-2-propenoic add methyl ester (2.20 g, 6.60 mmol) is 
added to 2 M HONHa in MeOH (30 mL, 60 mmol) followed by a solution of KOH (420 mg, 
6.5 mmol) in MeOH (5 mL). After 2 hours dry ice is added to the reaction and the mixture is 
evaporated to dryness. The residue is dissolved in hot MeOH (20 mL), cooled and stored at 
-20 °C overnight The resulting suspension is filtered, the solids washed with Ice cold 
MeOH and dried under vacuum, producing N-Hydroxy-3-[4-[[[2-(1 Wndol-3-yl)-ethyi]- 
amino]methyl]pheryi]-2E-2-propenamlde (m/z 336 [MH*D. 

Example P2 

Preparation of AWydroxy-344-[[(2-hydroxyethyl)[2-(1 H*dol-3-yl}-ethyI]- 
amino]methyl]phenyl]-2E-2-propenamide 

A solution of 3-(4-{[2-(1fWndol-3-yl)-emy^ 
acid methyl ester (12.6 g, 37.7 mmol), (2-bromoethoxyHert-butyidlmethylsilane (12.8 g, 
53.6 mmol), (APr^NEt, (7.42 g, 57.4 mmol) in DMSO (100 mL) is heated to 50° C. After 8 
hours the mixture is partitioned with CHaCla/HaO. The organic layer is dried (NaaS0 4 ) and 
evaporated. The residue is chromatographed on silica gel to produce 3-[4-({[2-(fert- 
buty1dlmethylsflanyloxy)-ethylH2-(1 /^lr»do1^y0^thyll^lnoHnriethylH)henyq-(2E)-2- 
propenolc acid methyl ester (13.1 g). Following the procedure described for the preparation 
of the hydroxamate compound In Example P1, 3-[4-({I2-(tert-butvldlmethyteilanyloxy)-ethyll- 
I2-(1 H^oi-3-yl)-ethyfl^lr^ acid methyl ester (5.4 g, 

1 1 mmol) is converted to N4iydroxv-3^4Hfl2-(tenH>utyW^ H- 
lndoW-yt)^thyl]-arnino}-mBthyl}-phenyq-{2E)-2-propenamldG (5.1 g.) and used without 
further purification. The hydroxamlc add (5.0 g, 13.3 mmol) Is then dissolved in 95% 
TFA/HaO (59 mL) and heated to 40 - 50 °C for 4 hours. The mixture is evaporated and the 
residue purified by reverse phase HPLC to produce AHHyd roxy-3-[4-n(2-riyd roxyethyl)[2- 
(1W4ndoW-y0^thyl]-am]no]methyQphenyl]-2E-2-prop8narnlde as the trifiuoroacetate salt 
{mtz 380 [MHT). 
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Example P3 

Preparation of N-tiydroxy-3-[4-[[[2-(2-methyH Wndol-3-yl)-e%G-arnino]methyl]phenyll-2& 
2-propenamide. 

A suspension of L1AIK, (17 g, 445 mmol) In dry THF (1000 mL) Is cooled to 0 °C and 2- 
mathylinda le-3-g lyoxylam ide (30 g, 148 mmol) is added fat portions over 30 rrrin. The mixture 
Is stirred at room temperature for 30 mJn. and then maintained at reflux for 3 h. The reaction 
is cooled to 0 °C and treated wRh HaO (17ml), 1 5% NaOH (aq., 17ml) and H 2 0 (51 ml). The 
mixture Is treated with MgS0 4 , filtered and the filtrate evaporated to give 2-methyltryptamine 
which Is dissolved in MeOH. Methyl 4-formylctnnamate (16.9 g, 88.8 mmol) is added to the 
solution, followed by NaBH 3 CN (8.4 g) and AcOH (1 equiv.). After 1h the reaction is diluted 
with NaHCOs (aq.) and extracted with EtOAc. The organic extracts are dried (MgS0 4 ), 
filtered and evaporated. The residue is purified by chromatography to give 3-{4~{[2-(2- 
methyM Wrwlol-3-yl)-emylajnino]-memyl}-phenyl)-(2e)-2-propenolc acid methyl ester. The 
ester is dissolved In MeOH, 1 .0 M HCIASoxane (1 - 1 .5 equiv.) is added followed by EtaO. 
The resulting precipitate is filtered and the solid washed with EfeO and dried thoroughly to 
give 3-(4^2-(2-methyM/ffndol-3-y1)H5thyla^ acid 
methyl ester hydrochloride. 1 .0 M NaOH (aq., 85 mL) Is added to an toe cold solution of the 
methyl ester hydrochloride (14.9 g, 38.6 mmol) and HONHa (50% aq. solution, 24.0 mL, ca. 
391 2. mmol). After 6 h, the tee cold solution Is diluted with HaO and NH4CI (aq., 0.86 M, 100 
mL). The resulting precipitate is filtered, washed with H 2 0 and dried to afford N-hydroxy-3- 
[4-fl[2-(2-methyM/findol-3-yl)-eth^ (m/z 350 

[MHD. 



Examples 1-265 

The following compounds are prepared by methods analogous to those disclosed in 
Examples P1 , P2 and P3: 



Example 


STRUCTURE 


mfe(MH*) 


1 
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Example 
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Example 


STRUCTURE 
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The compounds of Examples 1-265 show an HDA enzyme ICso In the range from about 
0.005 to about 0.5 uM. 



Example B1 

Cell lines H1299 (human lung carcinoma cell) and HCT1 16 (colon tumor cell) are 
obtained from the American Type Culture Collection, Rockville, MD. The cell lines are free 
of Mycoplasma contamination (Rapid Detection System by Gen-Probe, Inc., San Diego, CA) 
and viral contamination (MAP testing by MA BloServlces, Inc., Rockvflle, MD). The cell lines 
are propagated and expanded In RPMl 1640 medium containing 10% heat-inactivated FBS 
(Lite Technologies, Grand island, NY). Cell expansions for Implantation are performed In 
cell factories (NUNC, purchased from Fisher Scientific Springfield, NJ). Cells are harvested 
at 50-90% confluency, washed once with HBSS (Hank's Balanced Salt Solution) containing 
10% FBS, and suspended in 100% HBSS. 

Ceil proliferation is measured with a commercial MTS Wt (Promega, Madtslon, Wis.) 
assay using an adaptation of published procedures, for example, that disclosed In 
Feasibility of drug screening with panels of human tumor caff fines using a mfcmcutture 
tetmzollum assay, Alley MC, et a!., Cancer Res. 1988; 48:589-601 . Ceils are plated in 96- 
wefl tissue culture dishes, with top and bottom rows left empty. H1299 and HCT1 16 cells 
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are suspended fn complete media at a density of 5.3 x 10 9 and 3.6 x 10 3 cell/mL, 
respectively, and 190 pi are added per well. Each eel) line Is added to one half of the plate. 
Complete medium (200 pL) Is added to the top and bottom rows. Twenty-four hours later, 
10 pi of MTS solution is added to one of the plates to determine the activity at the time of 
compound addition (To). The plate is incubated at 37 °C for 4 hours and the OD 480 Is 
measured on a Molecular Devices Thermomax at 490 nm using the Softmax program. The 
T 0 plate serves as a reference for Initial activity at the beginning of the experiment 

Five serial dilutions (1 :4) of each compound are made in a 96-deep well plate with 
the highest concentrations on the edge of plate. Two cell lines are tested with two 
compounds per plate. Ten microliters of each of the five dilutions are added in triplicate and 
complete medium alone is added to columns six and seven. The plates are incubated at 37 
°C for 72 hours. The MTS solution Is added (as for the T 0 plate) and read four hours later. 

In order to analyze the data, the average background value (media alone) Is 
subtracted from each experimental well; the triplicate values are averaged for each 
compound dilution. The following formulas are used to calculate percent growth. 
If X > To, % Growth » ((X-ToMGC -T 0 )) x 100 
If X < To, % Growth = (X-To)/T 0 ) x 100 

in which T 0 = (average value of cell viability at time 0) - background 

GC = average value of untreated cells (in triplicate) - background 

X = average value of compound treated cells (In triplicate) - background 

The "% Growth" is plotted against compound concentration and used to calculate ICsoS 

employing the linear regression techniques between data points to predict the concentration 

of compounds at 50% inhibition. 

Lactate salts of N4iydroxy^4-ffl2^1Wndol-3-yl)-e% 
propenamlde (CMD1), N-hydroxy-3-{4-[[(24iydroxyem^^^ 

amino]methyf]phenyl]-2E-2-propenarrilde (CMD2), N-hydroxy-3-[4-[[[2-(5-me1hoxy-1 H-lndol- 
3-yD-ethylJ-emlro]nret^ (CMD3), N-hydroxy-3-{4-{I[2-(5-fluoro- 

1/+indol-3-yl)-ethyl]-amino]memyl]phenyn-2E-2-propenamlde (CMD4), N-hydroxy-3-[4-in2- 
(tenzofur-3-yl)^hyn-amInolmemvnphenyl>2e-2iJropenamlde (CMD5) having a purity of 
higher than 95% are dissolved In pure cfimethyteutfoxlde (DMSO) to create a stock solution. 
The stock solution Is diluted with 5% dextrose injection, USP, just prior to dosing. In addition, to< 
(24imfnophenylH^-pyrfdIn-3^ is synthesized fn 

accordance with Example 48 of EP 0 847 992 and used as a control compound (CMDC). 
Inhibition of cell growth in monolayer for 72 houis of compound treatment Is measured in 
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triplicate experiments and used to derive the IC50 by MTS assay. The results are shown In Table 
B1. 



Table B1 





MpnolayerQ 


rowth ICsgfuMi 


pompound 


H1299 


HCT116 


CMD1 


0.40 


0.03 


CMD2 


0.15 


0.01 


CMD3 


0.58 


0.03 


CMD4 


028 


0.03 


CMD5 


0.18 


0.03 


CMOC 


6.8 


0.67 



The results show that the hydroxamate compounds of the present invention are highly 
active In Inhibition of tumor cell growth. In addition to the above results, It has been 
observed that the compounds selectively inhibited tumor ceils while showing minimal 
inhibition activities in non-tumorous cells. 

The cells treated with the hydroxamate compounds are also tested for the induction 
of p2l promoter, which is a Key mediator of 31 arrest and differentiation. The hydroxamate 
compounds activate the d21 promoter to a readily detectable level at a concentration within 
two-fold of their respective ic ro for monolayer ceil growth Inhibition in H1299. Without being 
bound by any particular theory, the correlation appears to demonstrate that HDA Inhibition 
leads to transcriptional activation of genes that inhibit tumor cell proliferation. 

Example B2 

HDA Is partially purified from H1299, human non-small cell lung carcinoma cells 
(obtained from American Type Culture Collection, 12301 ParWawn Drive, RockviDe, MD 
20852, USA). Cells are grown to 70-80% confluence in RPMI media in the presence of 10% 
FCS, harvested and iysed by sonicatlon. The iysate Is centrifuged at 23, 420g for 10-15 
min, the supernatant is applied to a Hlload 26/1 0 High performance Q-sepharose column 
(Amereham Pharmacia Biotech), and equilibrated with a buffer containing 20 mM Trte 
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pHS.O, 1 mM EDTA, 10 mM NHiCIa, 1 mM p-Mercaptoethanol, 5% glycerol, 2 jig/mL 
aprotinin, 1 fig/mL leupepHn, and 400 mM PMSF. Proteins are eluted In 4mL allquotes with 
a linear gradient from 0-500 mM NaCI in the above buffer at a flow rate of 2.5 rnL/min. Each 
preparation of partially purified HDA enzyme is titrated to determine the optima} amount 
needed to obtain a signal to noise ratio of at least 5 to 1 . Generally, 20-30 p) of partially 
purified HDA (5-10 mg protein/mL) is mixed with 2 pL of compound solution In DMSO in a 
deep well titer plate (Beckman). The compounds are serially diluted in DMSO to generate 
stocks at 20-fold of the assay concentrations. Final concentrations of compounds in the 
assay are 10 pM, 2 pM, 400 nM, 80 nM, and 16 nM with the final percentage of DMSO in 
each enzyme reaction equaling 0.1%. Each concentration of compound is assayed in 
duplicate. The substrate used in the reaction is a peptide of amino acid sequence, 
SGRGKGGKGLQKGGAKRHRKVLRD, corresponding to the twenty-four N~termlnal amino 
adds of human histone H4, biotinylated at the N-terminus and penta-acetyiated, at each 
lysine residue with 3 H-acetate. To initiate the reaction, the substrate is diluted In 1 0 pL of 
Buffer A (100 mM Trie pH 8.0, 2 mM EDTA), added to the enzyme mixture and collected at 
the bottom of the deep well plate by centrifugation for 5 minutes at 1500 rpm. Following 
centrif ugation, the mixture Is incubated at 37 °C for 1 .5 hr. The reaction is stopped by the 
addition of 20 pL of the Stop Buffer (0.5N HQ, 0.Q8M Acetic Acid). At this point, the assay 
proceeds to the robotic extraction phase or is frozen for several days at -80 °C. 

The extraction of enzymaticaliy cleaved 3 H-acetate groups from the reaction mixture is 
achieved with the solvent TBME (t-butyl methyl ether) using the Tomtec Quadra 96 
workstation. A program is written to add 200 pL of TBME to a 96 "deep weir plate. The 
workstation Is programmed to aspirate 50 pL of air f oDowed by 200 pL of TBME and finally 
another 25 pL of air, which Is dispensed into the each well of the plate. The contents of the 
deep well were mixed thoroughly by pipetting 160 pL up and down 10 times. Before 
addition of TBME to the reaction mixture, it is necessary to "pre-wef the pipette tips with 
TBME to prevent the solvent from dripping during the transfer to the deep well plate. The 
organic and aqueous phases In the deep well are separated by centrifugation at 1500 rpm 
for 5 mln. Optf-Phase Supermlx liquid scintillation cocktail (200 pL) (Wallac) is added to 
each well of tire 96-well Trflux plate (Wallac). The deep well and Trilux plates are placed 
back on the workstation programmed to aspirate 25 pL of air into the pipette tips followed 
by 100 pL of the upper TBME phase and transfer it into the Trflux plate. The solutions am 
mixed by pipetting and expelling 50 pL, five times, within the same well. The Trilux plate Is 
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covered with dear film and read on a 1450 MlcroBeta Trilux liquid scintillation and 
luminescence counter (Wallac) with a color/chemical quench and dpm correction. 

in order to determine the ICso values, the data are analyzed on a spreadsheet The 
analysis requires a correction for the background luminescence that is accomplished by 
subtracting the dpm values of wells without 3 H substrate from the experimental wells. The 
corrected dpm values along with the concentrations of the compounds are used to calculate 
ICso using the user-defined spline function. This function utilizes linear regression 
techniques between data points to calculate the concentration of compounds that produced 
50% inhibition. The results are shown In Table B2. 

Table B2 



Compound HDA Enzvme Activity IC*n (uM) 

CMD1 0.032 

CMD2 0.063 

CMD3 0.014 

CMD4 0.014 

CMD5 0.018 

CMDC >10 



Example B3 

The A549 non-small ceil lung human tumor cell line Is purchased from the American 
Type Culture Collection, Rockvllle, MD. The cell line is free of Mycoplasma contamination 
(Rapid Detection System by Gen-Probe, Inc., San Diego, CA) and viral contamination (MAP 
testing by MA BioServlces, Inc., Rockvllle, MD). The cell line is propagated and expanded 
in RPMI 1640 medium containing 10% heat-inactivated FBS (Life Technologies, Grand 
Island, NY). Cell expansions for Implantation are performed in cell factories (NUNC, 
purchased from Fisher Scientific, Springfield, NJ). Cells are harvested at 50-90% 
confluence washed once with HBSS containing 10% FBS, and suspended in 100% HBSS. 

Outbred athymic (nu/nu) female mice ("HsdiAthymlc Nude-nu" from Harlan Spiague 
Dawley, Indianapolis, IN) are anesthetized with Metofane (Maflinckrodt Veterinary, Inc., 
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Mundelein, IL), and 100 yL of the ceD suspension containing 1X10 7 cells is injected 
subcutaneously into the right axEary (lateral) region of each animal. Tumors are allowed to 
grow for about 20 days untD a volume of -100 mm 9 is achieved. At this point, mice bearing 
tumors with acceptable morphology and size are sorted Into groups of eight for the study. 
The sorting process produces groups balanced with respect to mean and range of tumor 
size. Antitumor activity is expressed as % T/C, comparing differences in tumor volumes for 
treatment group (T) to vehicle control group (C). Regressions are calculated using the 
formula: (1-T/T 0 ) x 1 00%, where T is the tumor volume for the treatment group at the end of 
the experiment, and T 0 Is the tumor volume at the beginning of the experiment. 

CMD1 is administered intravenously, once daily 5xAveek for three weeks, at doses of 10, 
25, 50, or 100 mg/kg. The final DMSO concentration is 10%. Each test group has eight mice. 
Tumors are measured, and Individual animal body weights recorded. Table B3 shows the 
results on the 41* day. 

W?B3 







A MEAN 




A% 




DOSE 


TUMOR VOLUME* 1 




BODY WEIGHT* 2 


COMPOUND 




fmn^SEM* 3 ) 


%T/C 


(%±SEM* 3 ) 


10% DMSO/D5W* 4 




376 ±55 




+11.9 ±0.2 


CMD1 


10 


121 ±27 


32 


+ 1.3 ±0.3 


CMD1 


25 


77 ±32 


20 


- 0.910.3 


CMD1 


50 


57±10 


15 


- 0.4 ±0.3 


CMD1 


100 


28 ±25 


7 


+ 0.4 ±0.3 



Note:*1. Difference in mean tumor volume for a group of animals at the end of the 
experiment minus mean tumor volume at the beginning. 

*2. Difference In body weight for a group of animals at the end of the experiment 
minus mean tumor volume at the beginning. 

*3. Standard error of the mean. 

# 4. 5% dextrose injection, USP. 
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Example B4 

Example B3 repeated except CMD2 Is used. Table B4 shows the results. 



DOSE 

compound imsim 



10%DMSO/D5W 

CMD2 

CMD2 



25 
50 



T ftbteB4 

A MEAN 

TUMOR VOLUME 
( ffl m a ±SEM) 
135 ±43 

37 ±16 

29±15 



%T/C 

27 
21 



A% 

BODY WEIGHT 
(%±SEM1 
+ 6.7 ±1.1 

- 4.2 ±2.6 

- 2.9 ±1,5 



Example B5 

Example B3 is repeated except the HCT1 1 6 colon tumor cell line Is used in place of 
the A549 cell line. The HCT116 cell fine is also obtained from American Type Culture 
Collection, Rockvllle, MD, and the cell line Is free of Mycoplasma contamination and viral 
contamination. The results are recorded on the 34* day and are shown in Table B5. 



Table BS 



COMPOUND 

10%DMSO/D5W 

CMD1 



A MEAN 
DOSE TUMOR VOLUME 

(mn/kgl (mm 8 ±$EM) 

759 ±108 
50* 10 186 ± 40 



CMD1 100 140 ±38 

Note: *10. Seven mice are tested In this group. 



A% 

BODY WEIGHT 
%T/C (%*SEM) 
- 0.4 ±0.4 
25 - 7.4 ±0.8 
18 - 3.2 ±0.4 
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Example B6 

Example B4 is repeated except the HCT1 1 6 colon tumor cell line is used in place of 
the A549 cell line. The HCT118 is also obtained from American Type Culture Collection, 
RockvilJe, MD, and the cell line Is free of Mycoplasma contamination and viral 
contamination. The results are recorded on the 34* day and are shown in Table B6. 

Tab|e B6 







A MEAN 




A% 




DOSE 


TUMOR VOLUME 




BODY WEIGHT 


COMPOUND 


flnafla) 


(mm 3 ± SEM) 


%T/C 


(%±SEM) 


10% DMSO/D5W 




759 ±108 




- 0.4 ±0.4 


CMD2 


10 


422 ±75 


56 


-10.2 ±0.5 


CMD2 


25 


305 ±47 


40 


- 7.0 ±0.2 


CMD2 


50 


1 

97 ±30 


13 


- 7.3 ±0.3 


CMD2 


100 


132 ±30 


17 


- 9.4 ±0.4 



Example B7 

Annexin V binding was used as a marker for the early stages of apoptosis. A549, 
HCT116 and Normal Dermal Human Fibroblasts (NDHF) cells are treated separately with 
four compounds (CMD1, CMD2, CMD3 and CMD4) for 24 or 48 hours, stained with annexin 
V and compared to ceils treated similarly with vehicle (DMSO). Cells are examined by 
fluorescence microscopy. Those undergoing apoptosis exhibit green fluorescent membrane 
staining. Viability is assessed by the countsrstain, propidlum iodide. Cells detected by red 
fluorescence are not viable. A small percentage of A549 and the majority of HCT116 ceils 
exhibit cell surface staining with annexin V after 24 hour exposure to each of the four 
compounds. After 48 hour treatment, the majority of the A549 and HCT116 stain with 
annexin V and/or propidium Iodide indicating that the compounds induce apoptottc cell 
death. In contrast, NDHF ceils do not show noticeable annexin V staining after 24 hour 
exposure and limited annexin V staining with CMD3 after 48 hour. These data show that 
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NDHF cells predominantly underwent non-lethal growth arrest upon compound treatment, 
consistent with the cell cycle profile. 

The staining results demonstrate that the hydroxamate compounds of the present 
invention cause tumor cells to die by apoptoste, while causing normal fibroblast to 
predominantly undergo cell cycle arrest, clearly demonstrating the selective efficacy of the 
present compounds. 
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Whitite claimed Is: 

1. Acompoundof thefoimulal 




(I) 



wherein 

Ri Is H, halo, or a straight chain Ci-Cealkyl; 

R 2 Is selected from H, d-Cio alkyl, C 4 ~ C» cyctoalkyl, C 4 - Co heterocydoalkyl, C 4 -Cg 
heterocycfoalkyfalkyl, cycloalkylalkyi, aryl, heteroaryl, arylalkyl, heteroarylalkyl, 
-(CHa)nC(0)R8 t -(CHj^OCtOJRs, amino acyl, HON<5(0)<)H=C(Ri)-aryl-alkyl- and 

Rs and R4 are the same or different and independently H, C r Ce alkyl, acyl or 
acylamlno, or Rs and R4 together wRh the carbon to which they are bound represent 
0=0, 0=S, or C=NRa, or Rg together wfth the nitrogen to which it Is bound and Ra 
together with the carbon to which it Is bound can form a C 4 - heterocyctoalkyl, a 
heteroaryl, a polyheteroaryl, a non-aromatic polyheterocyde, or a mixed aryl and 
norvaryl polyheterocyde ring; 

Rb is selected from H 4 Ci-Ce alkyl, C 4 - C9 cyctoalkyl, C 4 - C9 heterocyctoalkyl, acyl. 
aryl, heteroaryl, arylatkyl, heteroarylalkyl, aromatic pofycycle, non-aromatic pofycycle, 
mixed aryl and norvaryl potycycfe, polyheteroaryl, non-aromatic polyheterocyde, and 
mixed aryl and non-aryl polyheterocyde; 

n, ni , n 2 and na are the same or different and Independently selected from 0-6, when 
m Is 1-6, each carbon atom can be optionally and independently substituted with R3 
and/or FU; 

X and Y are the same or different and independently selected from H, halo, Ct-C 4 alkyl, 
NQa, C(0)Ri, ORa. SRa, CN, and NRioRuI 
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Re Is selected from H, Ci-C fl alky!, C 4 - Cg cycloalkyl, C 4 - Cg heterocycloalkyl, 
cycioalkylalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, OR 12 , and NR 13 Ri 4 ; 

Rr is selected from OR 15l SRi 5f S(0)R 1B , SQ2R17, NRi a R 14> and NR 12 SC^Ra; 

Re Is selected from H, ORt 6 , NRigR t4t Ci-Cg aikyl, C 4 - C9 cycloalkyl, C 4 - Co 
heterocycloalkyl, aryl, heteroaryl, arylalkyl, and heteroarylalkyl; 

R 9 is selected from C1 - C 4 alkyl and C(0)-aikyI; 

R 10 and Rn are the same or different and Independently selected from H, C 1 -C 4 aikyl, 
and-C(0)-alkyl; 

R12 is selected from H, C1-C0 alkyl, C 4 - Co cycloalkyl, C 4 - C 9 heterocycloalkyl, C 4 - C* 
heterocydoaJkylalky!, aryl, mixed aryl and non-ary> polycycle, heteroaryl, arylalkyl, 
and heteroarylalkyl; 

Ria and Ri 4 are the same or different and Independently selected from H, C1-C5 alkyl, 
C 4 ~ Cg cydoalkyf, C 4 - Cg heterocycloalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, 
amino acyl, or Ria and R 14 together with the nitrogen to which they are bound are 
C 4 - Co heterocycloalkyl, heteroaryl, polyheteroaryl, non-aromatic polyheterocycle or 
mixed aryl and non-aryl polyheterocyde; 

R15 Is selected from H, d-Cg alkyl, C 4 - Co cycloalkyl, C 4 - Cg heterocycloalkyl, aryl, 
heteroaryl, arylalkyl, heteroarylalkyl and (CHs^nZRi* 

Rie Is selected from d-Cg alkyl, C 4 - Co cycloalkyl, C 4 - Cg heterocycloalkyl, aryl, 
heteroaryl, polyheteroaryl, arylalkyl, heteroarylalkyl and (CH^ZR^; 

R 17 is selected from Ct-Cg alkyl, C 4 - Cg cycloalkyl, C 4 - Cg heterdc^lbalkyl, aryl, 
aromatic polycycle, heteroaryl, arylalkyl, heteroarylalkyl, polyheteroaryl and NR la Ri 4 ; 

m Is an Integer selected from 0 to 6; and 

Z is selected from O, NRi 3l S and S(0); 
or a pharmaceutical^ acceptable salt thereof. 

2. A compound of claim 1 wherein each of R 1f X, Y, Rg, and R 4 is H. 

3. A compound of dalhi \2 wherein one of n 2 and rig is zfcro and the other Is 1 . 

4. A compound of claim 3 .wherein Ra is H or-CHg-CHa-OH. 

5. A compound of claim 1 of the formula la 
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(la) 



wherein 



ruts 04, 



Ra is selected from H, C A -C* alkyl, C 4 - C* cycloalkyl, C 4 - C9 heterocycloalkyl, 
cydoalkylalkyl, aryl, heteroaryl, arylalkyl, hetenoaiylalkyl, -(CH 2 ) n C(0)R6, amino acyl 
and -(CHa) n R7; 

Rs 1 is heteroaryl, beteroarylalkyl, an aromatic polycycle, a non-aromatic polycycle, a 
mixed aryl and non-aryl polycycle, pofyheteroaryl, or a mixed aryl and non-aiyl 
polyheterocycle, 
or a phamnaceuttealfy acceptable salt thereof. 

6. A compound of claim 1 of the formula la 




ruisO-3, 

R2 is selected from H, CrCe alkyl, C 4 - Cg cydoalkyl, C4-C9 heterocycloalkyl, 
cydoalkylalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, -<d-l^nC(0)R8» amino acyl 



and-(CHa) n R7; 

Ffe' Is aryl, arylalkyl, an aromatic polycycle, a non-aromatic polycycle or a mixed aryl 
and non-aryl polycycle, 
or a pharmaceutical^ acceptable salt thereof. 



7. A compound of claim 6 wherein Rs 9 Is aryl or arylalkyl. 
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8- A compound of claim 7 wherein FV Is p-fluorophenyl, p-chlorophenyl, p-O-C^- 
alkytphenyl, p-Ct-C^alkylphenyl, benzyl, ortho, meta or para-fluoiobenzyl, ortho, meta or 
para-chlorabenzyl, or ortho, meta or para - mono, dl or triOCi-04-alkylbenzyl. 

9. A compound of claim 1 of the formula lb 



wherein 

FV is selected from H, CrGe aikyi, d-Ce cycJoalkyf, cycloatkylalkyl, -(CH2)mOR2i 
where R21 is H, methyl, ethyl, propyl, or Isopropyl, and 

FV is unsubstttuted or substituted 1 fflndol-3-yl, benzof uran-3-yl or quinolin-3-yl, 
or a pharmaceutical^ acceptable salt thereof. 

1 0. A compound of claim 9 wherein IV Is substituted 1 H-indoh-3-yl or substituted 
benzofuran-3-yl. 

11, A compound of claim 1 of the formula to 




wherein 

the ring containing to aromatic or non-aromatic which non-aromatic rings are 
saturated or unsaturated, 
Z t lsO,Sor N-R20; 




(lb) 
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Ria is H, hato f d-Cealkyl, Ca-C7cyctoalkyl t aryl, or heteroaryl; 

Rao is H, Ci-Cealkyl, Ci-Csalkyl-CVC^ycloalky!, aryl, heteroaryl, arylalkyl. 

heteroarylalkyl, acyJ or sulfonyl; 

Ai is 1 , 2 or 3 substftuents which are independently H, d-C-ealkyl, -OR™, halo, 
alkylamino, aminoalkyl, halo, or heteroarylalkyJ; 

Rz is selected from H, Ci-Cg alkyf, C 4 - C9 cycloalkyl, C 4 - G* heterocyctoalkyl, 
cycIoaikylaJkyl, aryl, heteroaryl, arytelkyl, heteroarylalkyJ, -(CH^CfOJRa, amino acyl 
and -{CHa^Rr; 

Rio is selected from H, Ci-Cealkyl, C 4 -C 9 cyc(oalkyl > CH^heterocycloaikyl, aryl, 
heteroaryl, arylalkyl, and heteroarylalkyJ; 
visO v 1 or 2, 
p is 0-3, and 
q Is 1-5 and r is 0 or 
qisOand rls 1-5, 
or a pharmaceutical ly acceptable salt thereof. 

12. A compound of claim 1 1 wherein Z\ is N-Ra>. 

13. A compound of claim 11 wherein R2 is H or -CHz-CH 2 -OH and the sum of q and r is 1. 

14. A compound of claim 1 of the formula Id 




wherein 

ZiteO,SorN-R20r 

Rie is H, halo, Ci-Csaikyl, Ca-Cycycloalkyl, unsubstituted phenyl, substituted phenyl, or 
heteroaryl, 
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Rao Is H, C-Cealkyl, C^^ealkyl-CV-Cscydoalkyl, aryl, heteroaryl, arylalkyl, heteroarylallcyl, 
acyl or aulfonyl; 

Ai is 1, 2 or 3 subsHtuents which are Independently H, Ci-C-ealkyI, -OR 19 , or halo, 

Ri» is selected from H, Ci-Cealkyl, C^ecyctoalkyli CH^heterocycloalkyl, aryl, heteroaryl, 

arylalkyl, heteroarylafkyl and KCH2CH=CH(CHs)(CH 2 ))i^H; 

p Is 0-3, and 

q Is 1-5 and r Is 0 or 

q is 0 and r is 1-5, 

or a pharmaceutical^ acceptable rait thereof. 

1 5. A compound of claim 14 wherein R 8 is H or -CH 2 ~CHrOH and the sum of q and r is 1 . 

16. A compound of claim 1 1 of the formula le 




or a pharmaceutical^ acceptable salt thereof* 

17. A compound of claim 16 wherein R ia to H, fluoro, chloro, bromo, CrC4alkyl, Cr 
Crcycloalkyl, phenyl or heteroaryl. 

18. A compound of claim 1 6 wherein Ra Is H, or -(CHaJpCHaOH and wherein p Is 1 -3. 

19. A compound of claim 18 wherein R t is H and X and Y are each H f and wherein q is 1-3 
and r is 0 or wherein q is 0 and r Is 1 -3, 
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20. A compound of claim 16 wherein R 18 Is H, methyl, ethyl, t-butyl, trifluoromethyl, 
cyclohexyl, phenyl, 4-methoxyphenyl f 4-trifluoromethylphenyl, 2-furanyl, 2-thJophenyl, or 2-, 
3- or 4-pyrklyl. 

21 . A compound of claim 20 wherein R 2 Is H, or -(CH 2 ) P CH20H. 

22. A compound of claim 21 wherein p Is 1-3. 

23. A compound of claim 22 wherein Is H and X and Y are each H, and 
wherein q is 1-3 and r is 0 or wherein q Is 0 and r is 1-3. 

24. A compound of claim 23 wherein Ffe Is H or-CHrCHrOH and the sum of q and r is 1. 

25. A compound of claim 16 wherein is H or d-Ceaikyl. 

28. A compound of claim 16 selected from the group consisting of N-hydroxy-3-t4-t[(2- 
hydroxyethyl)[2-(1 H-inck>l^yi)ethyq-amino]meth N-hydroxy-3- 
[4-EI2K1H-lndol-3-yOG^ and N-hydroxy-3-[4- 

[[[2-{2-methyi-1 Mndol^yl)^%fl-amtooI^ or a 

pharmaceutical^ acceptable salt thereof. 

27. A compound of claim 26 which is N-hydroxy^[4-[[(2-hy^ 
y0ethyl]-am1nolmethyllphenyl>2E-2-propenamrcle, or a pharmaceutical^ acceptable salt 
thereof. 



28. A compound of claim 1 of the formula If 



HO^ 
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or a pharmaceutical^ acceptable salt thereof. 

29. A compound of claim 28 wherein Ffe Is H or -(CH^ChkOH and p is 1 -3. 

30. A compound of claim 29 wherein R t is H and X and Y are each H, and wherein q Is 1-3 
and r Is 0 or wherein q Is 0 and r is 1-3. 

31 . A compound of claim 30 wherein Ffe is H or -Ofc-CHa-OH and the sum of q and r Is 1. 

32. A compound of claim 28 which is N-hydroxy-3-[4H^2-(ben20fur-3-yl)-ethyl]- 
amlnoJmethyOphenyO^^-propenamlde, or a pharmaceutical^ acceptable salt thereof. 

33. A pharmaceutical composition comprising a pharmaceutical^ effective amount of a 
compound of formula I 




(l) 



wherein 

Ri Is H, halo, or a straight chain d-Ce alkyl; 

Ra Is selected from H, d-C 10 alky!, C 4 - C» cycloalkyl, C 4 - Cg heterocyctoaOcyl, C4-C9 
heterooydoalkylalkyl, cycloalkylalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, 
-(CH2)„C(0)R6, -(CHa^CX^OJRfl, amino acyl, HON-C(OK)H^(Ri)^aryl-alkyl> and 

, Fb and R4 are the same or different and Independently H, Ci-C e alkyl, acyl or 

acylamlno, or Rg and R4 together with the carbon to which they are bound represent 
C=O f C=S, or C=NRe, or Ra together with the nitrogen to which It is bound and R3 
together with the carbon to which it Is bound can form a C 4 - C9 heterocycloalkyl, a 
heteroaryl, a pofyheteroaryl, a non-aromatic potyheterocycle, or a mixed aryl and 
non-aryl polyheterocyde ring; 
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Rs Is selected from H, C,-Ca alkyl, C 4 - C* cyotoalkyl, C 4 - Q, heterocycloalkyl, acyl, 
aryl, heteroaryl, arylalkyl, heteroarylalkyl, aromatic polycycle, non-aromatic polycycle, 
mixed aryl and non-aryl polycycle, polyheteroaryl, non-aromatic polyheterocycle, and 
mixed aryl and non-aryl polyheterocycle; 

n, rii, rfe and n 3 are the same or different and independently selected from 0-8, when 
n, Is 1-6, each carbon atom can be optionally and Independently substituted with Rs 
and/or Ft,; 

X and Y are the same or different and Independently selected from H, halo, C1-C4 alkyl, 

N0 2 , C(0)R,, OR* SR 9 , CN, and NR 10 Rn; 
Re is selected from H, d-Ce alkyl, C 4 - C9 cycloalkyl, C4-C9 heterocycloalkyl, 

cycloalkylalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, OR 12> and NR 13 R 14 ; 
Rz Is selected from OR 16 , SR 18l S(0)R 19) SO2R17, NRi 3 Ri 4 , and NR^OsRe! 
Ra is selected from H, OR 16p NR13R14, Ci-Ce alkyl, C 4 - C9 cycloalkyl, C 4 - Cg 

heterocycloalkyl, aryl, heteroaryl, arylalkyl, and heteroarylalkyl; 
Rs is selected from Ci - C 4 alkyl and C(0)-alkyf; 

R 10 and R„ are the same or different and Independently selected from H, C r C 4 alkyl, 
and -C<0)-alky1; 

R12 Is selected from H, d-C 6 alkyl, C 4 -C 9 cycloalkyl, C 4 - C 9 heterocycloalkyl, C 4 -Cg 
heterocycloalkylalkyl, aryl, mixed aryl and non-aryl polycycle, heteroaryl, arylalkyl, 
and heteroarylalkyl; 

Ris and R t4 are the same or different and independently selected from H, Ci-Go alkyl, 
C 4 - Cg cycloalkyl, C 4 - C9 heterocycloalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyli 
amino acyl, or R 13 and R i4 together with the nitrogen to which they are bound are 
C 4 - C 9 heterocycloalkyl, heteroaryl, polyheteroaryl, non-aromatic polyheterocycle or 
mixed aryl and non-aryl polyheterocycle; 

Rib is selected from H, d-Ce alkyl, C 4 - d> cycloalkyl, C 4 - d heterocycloalkyl, aryl, 
heteroaryl, arylalkyl, heteroarylalkyl and (CH&ZRni 

Rib is selected from d-C 9 alkyl, d-d cycloalkyl, C 4 - Ce heterocycloalkyl, aryl, 
heteroaryl, polyheteroaryl, arylalkyl, heteroarylalkyl and (CH-aJmZRia 

R17 is selected from Ci-Ce alkyl, C 4 - C» cycloalkyl, C 4 - d heterocycloalkyl. aryl, 
aromatic polycycle, heteroaryl, arylalkyl, heteroarylalkyl, polyheteroaryl and NR 13 Ri 4 ; 

m is an integer selected from 0 to 6; and 

Z is selected from O, NRu, S and S(O); 
or a phanmaceutlcally acceptable salt thereof. 
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34. A pharmaceutical composition of claim 33 wherein the compound of formula I is 
selected from the group consisting of N-hydroxy-3-[4-[I(2-hydroxyethyO[2-{l H-indol-3- 
yl)9thyQ-^no]methyT]phBnyll-2E-2-prop8namlcle l N-hydroxy-3-l4-TJI2-(1 H-lndol-3-yl)ettiyl]- 
amlno}m8my1]phenyi>2E-2iJropen amide and N-hydroxy-3-I4-[[[2-(2-methyH/+lndol-3-yl)- 
ethyn-amlno]methyrjphenyI]-2&2-propenamld8, or a pharmaceutlcally acceptable salt 
thereof. 

35. A pharmaceutical composition of claim 34 Wherein the compound of formula I is 
hydroxy^4^(2-hydroxyethyl)[2-<imn^ 

propenamide, or a pharmaceutlcally acceptable salt thereof. 

36. A pharmaceutical composition of claim 33 wherein the compound of formula I is N- 
hydroxy^[4-lQ2-(l^n;rofur^-yl)^ or a 
pharmaceutlcally acceptable salt thereof . 

37. A method for treating a proliferative disorder In a mammal which comprises 
administering to said mammal a compound of the formula I 



Ri Is H, halo, or a straight chain Cj-Ce alkyl; 

Ra is selected from H, Ci-d 0 alkyl, C 4 -Cg cydoalkyl, C 4 - Cg heterocycloalkyl, C 4 - C9 
heterocydoalkyiaikyi, cydoafkylalkyl, aryl, heteroaryl, arytalkyl, heteroarytalkyl, 
-(CHaJnCtORe, -(CH 2 ) n oqO)R8, amino acyl, HON-C(0>CH=C(R,)-aryl-aJkyi- and 

Rs and R4 are the same or different and independently H , Ci-Cs alkyl, acyl or 
acytamino, or Rg and R» together with the carbon to which they are bound represent 




wherein 
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C=0, C=S, or C=NRg, or Ra together with the nitrogen to which it is bound and Rs 
together with the carbon to which it is bound can form a C« - C B heterocycioalkyl, a 
heteroaryl, a poiyheteroaryl, a non-aromatic poiyhete recycle, or a mixed aryl and 
non-aryl poryheterocycle ring; 

Ra Is selected from H, Ci-C 8 aikyl. C 4 - Cb cycioalkyl, C 4 - Cb heterocycioalkyl, acyl, 
aryl, heteroaryl, arylalkyl, heteroarylaikyi, aromatic polycycle, non-aromatic polycycle, 
mixed aryl and non-aryl polycycle, poiyheteroaryl, non-aromatic poryheterocycle, and 
mixed aryl and non-aryl poryheterocycle; 

n, ni, n 2 and ns are the same or different and independently selected from 0-6, when 
ni is 1-8, each carbon atom can be optionally and Independently substituted with R3 
and/or R4,' 

X and Y are the same or different and independently selected from H, halo, C1-C4 alky], 

NO* C(0)R„ ORb, SR9, CN, and NR 10 R«; 
Re Is selected from H, Ci-Ce aikyl, C 4 - G, cycioalkyl, C 4 - C» heterocycioalkyl, 

cycloalkylalkyl, aryl, heteroaryl, arylalkyl, heteroarylaikyi, OR12, and NRi 3 R 14 ; 
R 7 Is selected from ORi 6 , SR 15 , S{0)R 18 , SQbRit, NR 13 R 14l and NRieSQeRe; 
Rs is selected from H, OR 1B , NRi 3 Ri 4l Ci-C 8 afkyl, C 4 - C 8 cycioalkyl, C 4 - C 9 

heterocycioalkyl, aryl, heteroaryl, arylalkyl, and heteroarylaikyi; 
Rb Is selected from Ci - C 4 aikyl and C(0)-alkyl; 

Rio and Rn are the same or different and independently selected from H, Ci-C 4 aikyl, 
and -C(0)-alkyl; 

Ris Is selected from H, G-Ca aikyl, C 4 - C B cycioalkyl, C 4 - Cb heterocycioalkyl, G» - d 
heterocycioalkylaikyl, aryl, mixed aryl and non-aryl polycycle, heteroaryl, arylalkyl, 
and heteroarylaikyi; 

Ris and R t4 are the same or different and independently selected from H, C,-Cb aikyl, 
C 4 - Co cycioalkyl, C 4 ~ C 9 heterocycioalkyl, aryl, heteroaryl, arylalkyl, heteroarylaikyi, 
amino acyl, or Ri 3 and R« together with the nitrogen to which they are bound are 
C 4 - Cb heterocycioalkyl, heteroaryl, poiyheteroaryl, non-aromatic poryheterocycle or 
mixed aryl and non-aryl polyheterocycle; 

Rie Is selected from H, Ci-C« aikyl, C 4 - Ca cycioalkyl, C 4 - Cs heterocycioalkyl, aryl, 
heteroaryl, arylalkyl, heteroarylaikyi and (CH^ZR^; 

Rib is selected from C,-C 8 aikyl, C 4 - Cb cycioalkyl. C 4 - Ca heterocycioalkyl, aryl, 
heteroaryl, poiyheteroaryl, arylalkyl, heteroarylaikyi and (CHJmZRi** 
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R17 is selected from d-C 8 afkyl. C 4 - C B cycloalkyl, C4-C9 heterocycloaikyl, aryl, 

aromatic polycycle, heteroaryl, arylalkyl, heteroarylalkyl, polyheteroaryl and NRi 3 Ri 4 ; 
m is an integer selected from 0 to 6; and 
Z Is selected from O, NR 18f S and S(0); 
or a pharmaceutical^ acceptable salt thereof. 

38. A method of claim 37 wherein the compound of formula I Is selected from the group 
consisting of N~hydroxy-3^4^(2-hydro^ 

2E-2-propenamide l N-hydroxy-3-{4-[Il2-(1 HHndoJ^yl)e%ipamlno]methyi]phenyil-2E-2- 
propenamlde and N-hydroxy^44^2-(2-methyM 
2&2-propenamide, or a pharmaceutical^ acceptable salt thereof. 

39. A method for regulating p21 promoter which comprises introducing a compound of the 
formula I 




wherein : t-....-. : -. 

Ri is H, halo, or a straight chain Ci~Ca alkyl; 

Ra is selected from H, C1-C10 alkyl, C 4 - C9 cycloalkyl* C 4 - C9 heterocycloaikyl, C 4 - C 9 
heterocycloalkylaBcyl, cycloalkyl alkyl, aryl, heteroary), arylalkyl, heteroarylalkyl, 
-(CHaJnCtOJRe, -(CH^OCfOJRe, amino acyl, HONO(0)-CH=C(Ri)-aryl-aIkyl^ and 
-(CH^Rr; 

Ra and R4 are the same or different and independently H, d-C e alkyl, acyl or 
acylamino, or R$ and R4 together with the carbon to which they are bound represent 
0=0, C=S, or CaNRa, or Ra together with the nitrogen to which it is bound and R3 
together wlfr the carbon to which it is bound can form a C 4 - Cg heterocycloalkyl, a 
heteroaryi, a polyheteroaryl, a non-aromatic polyheterocycte, or a mixed aryl and 
norvaryl polyheterocycie ring; 
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fls Is selected from H t Ci-Ca alkyl, C 4 - Gs> cydoaikyl, C 4 - Q, heterocydoalkyl, acyl, 
aryl, heteroaryl r arylalkyl, heteroarylalkyl, aromatic poiycyde, non-aromatic poiycyde, 
mixed aryl and non-aryl poiycyde, polyheteroaiyl r non-aromatic polyheterocyde, and 
mixed aryl and non-aryl polyheterocyde; 

n, m, n 2 and n 3 are the same or different and Independently selected from 0-6, when 
n A is 1-6, each carbon atom can be optionally and independently substituted with R3 
and/or FU; 

X and Y are the same or different and independently selected from H, halo, C1-C4 alkyl, 

NO2, C<0)Ri, ORe, SRa, CN, and NR 10 Ru; 
R 8 is selected from H, CrC B alkyl, C 4 - C9 cydoaikyl, C 4 - Co heterocycloalkyl, 

cycloalkylalkyi. aryl, heteroaryl, arylalkyl, heteroarylalkyl. OR12. and NRi$Ri 4 ; 
R 7 is selected from OR 15 , SR™, S(0)R 1B , SCfeRi?, NR13R14, and NRiaSOgRe; 
Ra is selected from H v OR15, NR 13 Ri4, Ci-Cb alkyl, C 4 - C* cydoaikyl, C 4 - C9 

heterocycloalkyl, aryl, heteroaryl, arylalkyl, and heteroarylalkyl; 
Ra is selected from C1 - C 4 alkyl and C<0)-alkyl; 

R 1Q and Rn are the same or different and independently selected from H, Ct-C 4 alkyl, 
and -C{0)-alkyl; 

R12 is selected from H, C r C 6 alkyl, C 4 - C9 cycloalkyl, C 4 - Cg heterocydoalkyl, C 4 - Q, 
heterocydoalkyialkyl, aryl, mixed aryl and non-aryl poiycyde, heteroaryl, arylalkyl, 
and heteroarylalkyl; 

R 18 and R <4 are the same or different and independently selected from H, Ct-Ca alkyl/ 
C4-C0 cydoaikyl, C 4 - C9 heterocydoalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, 
amino acyl, or R 13 and R i4 together with the nitrogen to which they are bound are 
C 4 - C9 heterocycloalkyl, heteroaryl, polyheteroaryl, non-aromatic polyheterocyde or 
mixed aryl and non-aryl polyheterocyde; 

R 1B is selected from H, C-Cs alkyl, C 4 - Ce cydoaikyl, C 4 - C9 heterocydoalkyl, aryl, 
heteroaryl, arylalkyl, heteroaiyfalkyl and {CH^zr^ 2 ; 

Rib Is selected from G|-Ce aikyl, C 4 - C9 cydoaikyl, C 4 - C* heterocydoalkyl, aryl, 
heteroaryl, polyheteroaryl, arylalkyl, heteroarylalkyl and (CH^ZR^; 

Rn 7 is selected from Oi-Ce alkyl, C 4 - C9 cydoaikyl, C 4 - Co heterocycloalkyl, aryl, 
aromatic potycyde, heteroaryl, arylalkyl, heteroarylalkyl, polyheteroaryl and NRiaR«; 

m is an Integer selected from 0 to 6; and 

Z Is selected from O v NR 13 , S and S(0); 
or a pharmaceutical^ acceptable salt thereof, 
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Into the environment of a mammalian cell. 

40. A method of claim 39 wherein the compound of formula I Is selected from the group 
consisting of N4iydroxy^[4K[(2^droxyeth^ 

2E-2-propenamide f N-hydroxy-3-[4-flI2-{1 H4ndol-^yl)ethylI-aminoImethyQphenyl]-2E-2- 
propenamlde and N4iydroxy<H4^2^2HTOtt^ 
2&2-propenamide, or a pharmaceutical^ acceptable salt thereof. 
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